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PREFACE. 



Havinq had the control of the manufacture of about 8500 
nautical miles of Telegraph Gables, made mostly with 
Hooper's Core, but also with Core of ordinary Gutta-percha 
and of Willoughby Smith's Gutta-percha, I have had 
frequent opportunities of ascertaining the correctness of the 
data named in this book. 

I do not expect an Electrician will discover anything new 
in these pages, but if he should find this Guide a useful 
one to put in the hands of young men, who have to learn 
practical testing, I shall feel satisfied in having published it. 

V.H. 

London, August, 1873. 
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1. ELECTRIC TESTS. 

The electric Testing employed during the fabrication of 
Cables (or Cores) ascertains the following points : 

A. The Conductivity of the Copper. 

B. The Charge of the Cable. 

C. The Insulation of the Cable. 

D. The Insulation of a Joint 

E. The Situation and Greatness of a Fault. 

2. COMMON DEGREE OF HEAT. 

As the heat has an essential influence on the electric 
condition of a Cable by diminishing the conductivity of 
the Copper and the insulation of the Cable, all the results 
obtained by the tests ought to be transferred by calculation 
to the same degree of heat. For this purpose a common 
degree of 75° Fahrenheit (c. 24° Celsius) has been chosen. 

3. IMMERSING UNDER WATER. 

As the air is a less good electric conductor than water, 
and as the greatness of the charge depends on how the 
electricity in the Copper influences the water outside the 
insulation, the Cable has during the determination of its 
charge and its insulation always to remain immersed tmder 

B 



2 ELEOTBIC TESTING OF TELEGRAPH GABLES. 

water, which water must be in electric connection to Earth, 
for instance, through an iron tank. 

4. DISOHAEQING BEFOEE TESTING. 

When a Cable has to be tested, it ought to be discharged, 
by connecting it to earth during some hours before the test 

6. APPABATUSES. 

For electric tests the following Apparatuses are principally 

used: 

Batteries (B) up to 500 elements. 

Thomson's Eeflecting GtJvanometer (G) with Shunt (Sh). 

Condenser (Cd). 

Eeversing Battery-keys (B.K). 

Short-circuit Keys (S.K). 

Charge and Discharge Keys (D.K). 

Commutators (Cm). 

Wheatstone's Bridge (W.B.) with Shunt (Sh). 

Besistance-coil (B). 

6. THE USE OP A SHUNT. 

A Shunt is generally used together with a Galvanometer, 
and connected to it in jsuch a way that only a part of the 
electric current passes through the Galvanometer, while the 
rest passes through the Shunt. An appropriate Shunt must 
be used in order that the deflection of the Galvanometer may 
not be too large. The resistance of the Shunt diminishes as 
the length of the Cable or the sensibility of the Galvano- 
meter increases. 

The mvJtiplying power v of the Shunt is = , where 

8 is the resistance of the Shunt^ and ff the resistance of the 
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Galvanometer. Should, for instance, « be = 1, and g = 99, 

1 I 99 j^ 

V will be = —J — = 100; then only rrr^ part of the 

whole current will pass through the Galvanometer, and the 
current will therefore be 100 times greater than is indicated 
by the deflection of the Galvanometer. 

Should it be desired to give the Shunt a certain power, its 
resisftance 8 can be found from the previous equation, as s 

9 
IS = -^* 

t;— 1 
When a current passes a Galvanometer with the resistance 
^, and a Shunt with the resistance 8, the (ctal remlance of 

O ^ 8 

Galvanometer and Shunt is = ^-r— • In the calculation of 

the insulation it is not thought necessary to take notice of 
these two resistances. 

7. ELECTEIC UNITS. 

The Unit of Besisiance is : 

1 Ohm = 1 British Association Unit = 1 B.A.U. = 10 
Million Units of resistance, or : 

1 Siemens' Unit = 1 S.E., the resistance of a prism of 
mercury, 1 meter long, and 1 n millimeter in section at 0°C. 

1 Ohm = 1-070 S.K 

1S.E.= -935 Ohm. 

1 Megohm = 1 Million Ohms. 

The Unit of Tension is =r 1 Volt = 100000 Units of Tension. 

The Unit of QuamiUy = 1 Weber. 

The Unit of Charge is = 1 Microfarad = 1 Millionth part 
of a Farad. 

B 2 



ELEOTBIO TESTING OF TELEGRAPH GABLES. 

8. THE OEDEB OF THE TESTS. 
The Tests are best taken in the following order : 

Besistance of the Galvanometer. 
Conductivity of the Copper. 
Charge of the Leading wires. 

,f of the Cable after 1 minute's Insulation. 

ff ,y by instantaneous Discharge. 

Constant e of the Condenser. 
Constant n of the Battery. 
Constant <f) of the Galvanometer. 
Insulation of the Leading wires. 
Insulation of the Cable. 



A— THE CONDUCTIVITY OF THE COPPER. 

9. EXPLANATION OF THE METHOD. 

In the electric test with the Cable, the positive current 
from the Copper (C, Fig. 1) in the Battery (B) is generally 
led to Earth (E). The negative current from the Zinc (Z) 
18 led through a wire ( W) to Wheatstone's Bridge (W.B,), and 
divides itself at a into two parts, whereof the one goes through 
al,b 0, and the Cable (Ca) to Earth, whilst the other goes 
through ao,eh, and the Eesistance-coil (E) to Earth. It is 
clear that the connection to Earth can be omitted, and C 
directly connected with d. 

By removing the plug e, the two opposite currents from btoc 
and from c to 6 pass throug\i the Galvanometer (G) with 
Shunt (Sh). There will be no deflection on the Galvanometer, 
if the currents have the same strength, which they have, if 

the resistance in ah : the resistance in a c = the resistance in R : 

the resistance in Ca, 
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thus when 

— = 77- , or when Ca = —i- E = R'. 
a Ca ah 

By ae = a 6, Ca is = B ; but the proportion between the 
resistance a e and a h can be varied from -^^ to tk7^» and 

this proportion is named Batio ofhalanoe. 

The Besistance B is now to be varied until the beam of 
light from the Galvanometer covers the zero on the scale ; 
it will perhaps be found that the beam of light moves to the 
left in diminishing B, that is by inserting a plug into the 
Besistance-coil. It must be carefully attended to, that the 
plugs in the Besistance-coil are clean. 

When a paid out Cable is affected by earth-currents, it is 
necessary to test alternately with the Zinc-pole and the 
Copper-pole, and take the mean of the tests. 

10. PRACTICAL EXECUTION OF THE TEST. 

For the test are used the apparatuses indicated in Fig. 2. 

The Copper-pole (C) of the Battery (B) is, by lifting ^, 
connected, through ♦ and I in the Key B.K, to the screw m in 
the Besistance-coil (B) ; the Zinc-pole (Z) is connected, by 
depressing/, through h and h in the Key B.K, to the screw z in 
Wheatstone's Bridge. The Battery has from 4 to 10 elements. 

The two ends n and of the halance are directly connected 
with the bridge deoi the Galvanometer. Rcdiio ofhaJance is 
generally at the testing of the Core and of the Leading wires 

= "Tpr-, of the Cable = ^t^ > ^^^ of the Galvanometer 
10 lUU 

~ 1000' 



6 ELECTRIC TESTING OF TELEGRAPH GABLES. 

The one end of the Cable is connected to m, the other 
to n. 

When / is depressed the current goes through the Cable 
and the Besistance B, which is varied until there is no deflec- 
tion on the Galvanometer. 

The resistance in the Cable is now calculated by aid of the 
numbers for the ratio of balance and for the indicated 
Besistance (B). 

The resistance in the Leading wires is found in the same 
way as the resistance in the Cable, by. removing the Cable, 
and only fixing the Leading wires between m and n, 

11. CALCULATION OF THE CONDUCTIVITY. 

Should the real resistance of the Cable and Leading wires 
be = B', and the real resistance of the Leading wires = L, the 
Besistance Bg of the Cable only will be = B' — L. 

An Ohm is used as the unit of resistance. Should, there- 
fore, the Besistance B2 have been determined in Siemens' 
Units, it will, when expressed in Ohms, be: Bg X "935. 

Should the length of the Cable be = Z knots (nautical 
miles), the resistance per knot will be : 

EaX -935 

1 

As the resistance of the copper increases '21 per cent., or 
•0021 for every degree Fahrenheit the temperature rises, if 
the test is made at a temperature J, the resistance at 75° F. 
will be : 

E,(l+-0021(75°-<))-935 
1 

Should the Besistance B2 have been found at 85°, the 



THE CONDUCTIVITY OP THE COPPEB. 7 

resistance at 75° will be: Ea (1 - '021) = -979 Ea (see 

Table I.). ' 

As a wire of pure copper with the length of 1 knot and the 

weight of 1 lb. has at 75'' F. a resistance of 1192-33 Ohms, a 

wire with the weight of P lbs. per knot will have a resistance 

1192*33 
of — p — Ohms. The Core of the GhinarJapan Cable, with 

a weight of 300 lbs. copper per knot, would therefore have a 

1192*33 
resistance= — ^^ — = 3*9744 Ohms,ifit were of pure copper. 

The conductivity of the copper conductor of this Cable, 
expressed in a percentage of the conductivity of pure copper, 
or the speeifio eondtictivity of the conductor, is therefore : 

8-9744 X 100 x^ 
* " B, (1 + -0021 (76-0 ) • 935 ' 

Generally several Cables are tested at the same time, and 
the calculation is then facilitated by the use of hgarUhms^ 
which are best taken in the following order : 

log. » = - log. E, - log. -935 - log. (1 + -0021 (76^) ) + log. I 

+ log.8-9744 + log. 100. 

12. THE BESI8TAN0B OF THE GALVANOMETEB. 

The resistance of the Galvanometer, used at the testing of 
the charge and the insulation of the Gable, has to be found 
in the same way as the resistance of the Cable, by placing 
the Galvanometer instead of the Cable between m and n 

(Fig. 2) ; the ratio of balance used is = tkf^ • 

. If only one Galvanometer can be had for the testing, its 
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resistance can be found as follows: — The resistance of the 
Galyanometer at a certain degree F. being always exactly 
given by the manufacturer of the Gralyanometer, its resist- 
ance at the existent temperature, read on a thermometer, 
fixed on the Qalvanometer, is calculated by the resistance in 
its copper wires which increases '0021 for every degree F. 
the temperature rises. A Table for the resistances between 
40° and 75° F. ought to be calculated for each Galvanometer, 
and its correctness ascertained by comparing these resistances 
with those obtained in the ordinary way by using a second 
Galvanometer. 

K the resistance of the Galvanometer at 60° F. is 10600 
Ohms, its resistance at 65° F. will be : 

10600 (1 + -0021 X 5) = 10711 OlmiB. 

13. THE EESISTANCE OF THE BATTEEY. 

To find the Eesistance of a Battery connect its Copper-pole 

(Fig. 2) to Earth, and its Zinc-pole with the button e of 

the Galvanometer. Connect the two buttons, e and d, of 

the Galvanometer by a copper wire of small resistance, and 

put d to Earth. By depressing/ the current passes through 

the shunted Galvanometer to Earth, and a certain deflection 

u is found on the scale. Then is put between the Zinc-pole 

and the Galvanometer a Eesistance B so great, that the 

u 
deflection is only = ^ , and B is = the resistance of the 

battery. 

With a Darnell's battery of 140 Cells and a Galvanometer 
with a resistance of 10700 Ohms a copper wire with a re- 
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sistance of '2 Ohm was used and a deflection of 120° was 
found. By placing into the current a resistance of 3500 
Ohms, there was found a deflection of 60°, and the resist- 
ance of the battery was then 3500 Ohms, or 25 Ohms per 
CeU. 

14. THE RESISTANCE OF THE EARTH. 

To And the resistance of the Earth one Cell is connected 
by its Copper-pole to Earth, and by its Zinc-pole through a 
great resistance and the Galvanometer to Earth ; a certain 
deflection is then found on the Galvanometer scale. The 
two wires, one from the Oopper-pole and the other from the 
Galvanometer, are then connected together, instead of being 
both led to Earth, and the deflection has to be the same as 
before, if the Earth-plates are in good order. Should this 
last-read deflection be greater than the first one, the Earth is 
faulty; and as this often arises from the Earth being dry, 
this fault may often be prevented only by keeping the Earth 
drenched. 

16. EXAMPLES. 

EZAMFLB 1. 

Length of the Core = 5 knots. 

Temperature = 70° F. 

Number of elements in the Battery . . = 4. 

Ratio of balance = ^ 

The following columns are daily to be filled up in a, journal 
with ciphers, which in columns No. 1 and 2 are given, in 
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XoflL 3, 4 and 9 are read en the Be8istaiioe4xiz, and in Nos. 
5 to 8 are to be calralated. 


Isfjicatcd Iwikatcii i p^^^^ 
Ijmph T«iii. BoBst- Bc»fta»» Seal Be- BcsbU J^^^ 
<^Core pen- aaceof ofCoreaBd ststaBce aaceat ^tM^a^ 
in knoUw tore. L»liBg Le^iiag ofCoie. 75- F. !^v 


! 

Specific 

CoDdao- 

liFity. 


Resist- 
ance 

of Gal- 
▼ano- 

meter. 


i|a|a 4i6!a|7 


8 


9 


6-000 JOP 


: ' 1 
130 2344 21-14 21-36:4-272 

1 ' 1 


93- 03 


5850 



The real rmttamee of the Core is: the resistance of the 
Core and fjflading wiree^ minus the resistance of the Leading 
wires, divided by ratio of bahincey or: 

2244-130 



1000 



= 21-14 Ohms. 



10 

As the test has been taken at a temperature of 70^ F. 
the resistance of 75^ F. will be : 

21-14 (1+ -0021 X 5) = 21-36 Ohms. 

As the lenfflh of the Gore is 5 knots, the resistance per 
knot at 75*^ is : 

?i;?5= 4-272 Ohma 

As the resistance of pure Copper with a weight of 800 lbs. 
per knot is only 3-9744, ilie ^^Jie eonductivUy otijiie Copper 
conductor will be : 

3-9744 X 100 _ 

4^272 - ^^ "^- 
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The conductivity is calculated by the use of hgarWhrns as 

follows : 

log. a? = - log. 21 • 14 -log. 1 • 0105+log. 5+log. 8 • 9744-f log. 100, 

or log. 21 -14 = 1-8251050 
log. 1-0105 =0-0045863 



log. 5 =0-6989700 

log. 8-9744 =0-5992716 
log. 100 =2-0000000 



1-8296418 



8-2982416 



log. a; = 1 - 9686008 
X =98-08 



Example 2. 

Length of the Cable 

Temperature 

Number of elements . . 



• • . • 



Batio of balance 



. • • • • • 



100 knots. 
TOT. 
6. 

1000 
100' 



The following results will be found : 



Length 

of 
Cable 

in 
knots. 


Tem- 
pera- 
ture. 


Indicated 
Resist- 
ance of 
Leading 
Wires. 


Indicated 

Resistance 

of Cable and 

Leading 

Wires. 


Real 
Resist- 
ance of 
Cable. 


Resist- 
ance at 
75° F. 


Resist- 
ance 
per knot 
at750F. 


Specific 
Conduc- 
tivity. 


Resist- 
ance 
of Gal- 
vano- 
meter. 


1 


2 


8 


4 


6 


6 


7 


8 





100 


70° 


81-8 


4260-8 


422-9 


427-3 


4-278 


98-00 


5955 
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B.— THE CHARGE OP THE CABLE. 

16. PEACTICAL EXECUTION OF THE TEST. 

The arrangements of the apparatus are indicated in 
Fig. 3. 

The Copper-pole C of the Battery B is connected through 
the Key B.K to Earth, and the Zinc-pole Z is connected 
through the Key B.K to the screw 8 of the Discharge-key 
D.K. 

The screw 8 of the Charge or Discharge-key D.K being 
connected to the Zinc-pole, the screw t is connected through 
the Galvanometer with Shunt to Earth, and the screw u is 
connected through the plug jp of the Commutator Cm with 
one end of the Cable. 

The other end of the Cdble is well isolated. 

The end screws m and n of the Shunt Sh are connected to 
the screws e and d in the bridge of the Galvanometer. When 
a Battery has 10 elements, a Shunt has been used at the 
Cable, which Shunt varied from 200 to 10, as the length of 
the Cable increased from 10 to 200, the Shunt multiplied by 
the length or the Charge of the Cable always giving the same 
number. A Shunt of 2000 has been used at a Condenser, 
which had a charge of '50 Microfarad; the Shunt of 2000 
multiplied by the Charge '50 is here = 1000. 

When the Cable has been charged for one minute by de- 
pressing the button q of the Discharge-key, q is released 
and r depressed, and the Cable will be discharged through 
the Galvanometer with Shunt to Earth. 

300° to the right of zero may be taken as the starting 
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point, SO as to be able to have as great a deflection on the 
scale of the Galvanometer as possible, and the deflections are 
then read to the left. 

17. CONSTANT c OF THE CONDENSEB. 

At the determination of the charge a Condenser is used, 
the full charge of which has a certain given size ; in the 
Core factory the charge of the Condenser was * 319 Micro- 
farad, in the Cable factory it was '50 Microfarad. 

When the charge of the Condenser is to be measured, the 
Condenser, instead of the Cable, is brought into the current 
(Fig. 3) by removing the plug jp to jp'. The one end of the 
Condenser is joined through the plug jp' in the Commutator 
Cm, and through u and s in the Dischaxge-key to the Zinc- 
pole ; its other end to Earth. The Condenser is charged in 
1 minute by depressing y ; it is thereon discharged instan- 
taneously through the Galvanometer with Shunt, by re- 
leasing q and depressing r. In the reading on the scale of 
the Galvanometer of the deflection U3, which generally is 
put = Constant e, a Shunt must be used of such a size, that 
the deflection fi*om the Condenser will be found on about the 
same point of the scale as the deflection from the Cable. 

18. CALCULATION OF THE CHARGE. 

The Cable (including the Leading wires) is charged in 
1 minute, then isolated in 1 minute, by releasing j; the 
Cable, is then discharged by depressing r ; the charge passes 
through the Galvanometer to Earth, and on the scale of the 
Galvanometer a deflection U will be obtainejd. 

The Cable is then charged in 1 minute and instantly di^^ 
charged, whereby a deflection U' is obtained. 
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The percentage of loss cf charge in the Cable in 1 minute 
is then: 

5^X100. 

The Leadmg mre, when charged in 1 minute and then 
discharged instantly, gives a deflection = u, and the charge 
after 1 minute of the Cable alone is then expressed by : 

The CondenseVy when charged in 1 minute and instantly 
discharged, gives a deflection U3,. which is generally named 
Carutante. 

At Cables of short lengths, as at Leading wires and at 
Condenser, it may be su£Scient to charge for 15 seconds 
instead of 1 minute. 

If the Condenser has an inductive capacity C, then the 
specifie inductive capacity x of the Cable is expressed by : 

Deflection T5^ _ Deflection Us 
Ind. Cap. "" Ind. Cap. x ' 
Ua X Ua X 

X = =s • 

When a 8h/u/ni has been used at the Cable with a resistance 

S -4- Q 

s, and thus has a multiplying power v = , where g is 

8 

the resistance of the Galvanometer, and when a Shunt has 
been used at the Condenser with a resistance s', and thus has 

s' + a 
a multiplying power v' = T > the deflection e has to be 

multiplied with v' and divided by v, and thus will be found : 

U, X C _ U, X p X 
»' "" c X «' 



J 
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As the inductive capacity of a Cable is directly propor- 
tionate to its length, the indtustive capacity per knot, when the 
Cable has a length I, will be : 



X = 



U, X t? X 

c X »' X ^ 



Should loffarithm& be used, the formula will be : 

log. X = log. C + log. « + log. Ua — log. c — log. f/ — log. I 



19. EXAMPLES. 

Example 1. 

Length of Core = 5 knots. 

Number of elements = 20. 

Liductive capacity of the Condenser = • 319 Microfarad. 

Shunt of the Core = 100 Ohms. 

Shimt of the Condenser = 500*Ohms. 

Besistance of the Galvanometer = 5850 Ohms. 

Deflection by discharge of the Leading wires = 2. 

The following columns are daily to be filled up in a 
jltwmoZ: 



Shnnt 
at the 
Core. 


Deflection 
after 1™ 
Charge 
and 1» In- 
sulation. 


Deflection 
after 1» 
Charge. 


Percent- 
age of 
Loss of 

Charge. 


Shunt 
at the 
Con- 
denser. 


Deflection 

from 
Condenser 

= c. 


TotAl 
Charge. 


Charge 

per 

Knot. 


1 


2 


8 


4 


6 


6 


7 


8 


100 


652° 


662° 


1-61 


500 


450° 


2-199 


•4398 
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The deflections 2, 3, and 6 are read to the left side of the 
scale with 300° to the right of zero as starting point The 
deflections noted under 2 and 3 are the deflections from 
which, when read, are subtracted the deflection from the 
Leading wires. 

The percentage of loss of charge is : 

662 - 652 



662 



X 100 = 1-51. 



As the Shunt of the Core has a multiplying power 

100+5850 ^r^ ^r. , , o., • « , ^ , 
V = TTTTT — = 59 • 50, and the Shunt of the Condenser 

1^- 1 • / 500 + 5850 .o rrn XI. J J 

a multiplymg power v = ^^r^r — = 12 • 70, the reduced 

12*70 
deflection of the Condenser is = 450 x ttt-i^ = 96 • 05. 

59*50 

The whole charge of the Core is found by 

■319 X 
96*05 "" 662 

'319 X 662 . ^^_ 

a = — Kn:^ — = 2-199. 
96*05 

The charge per knot of the core is : 

^:^ . -4398. 
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When logarithms are used there will be found : 

log. X = log. • 319 + log. 59 • 50 + log. 662 - log. 460 - log. 12 • 70 - 

log. 5. 

log. -319 = 0-5037907 - 1 
log. 59-50 =1-7745170 
log. 662 = 2-8208580 

4-0991657 

log. 450 =2-6532125 



log. 12-70 = 1-1038037 



3-7570162 



log. 2-199 = 0-8421495 
log. 5 =0-6989700 



log. X 

X 



= 0-6431795- 1 
= 0-4898 



Example 2. 



Length of Cable . . 

Number of Elements 

Charge of the Condenser. 

Shunt of the Cable . . 

Shunt of the Condenser. . 

Besistance of Galvanometer = 5955 Ohms. 

Deflection from the Leading wires = o. 



= 100 Knots. 

= 10. 

= '50 Microfarad. 

= 20 Ohms. 

= 2000 Ohms. 



Shunt 
at the 
Cable. 


Deflection 

after 1» 

Charge 

and 1^ In- 
solation. 


Deflection 
after 1 
Charge. 


Percent- 
age of 
Loss of 
Charge. 


Shnnt 
at the 
Con- 
denser. 


Deflection 

from 
Condenser. 


Total 
Charge. 


Charge 

per 

Knot. 


1 


2 


3 


4 


6 


6 


7 


8 


20 


482° 


489° 


1-50 


2000 


418° 


44-0 


0-4400 
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C— THE INSULATION OF THE CABLE. 

20. PEACTICAL EXECUTION OF THE TEST. 

The arrangement of the apparatuses is indicated in Fig. 4. 

The Capper-pole of the Battery is connected to Earth, and 
the Zinc-pole to the screw h of the Short-circuit Key S. K ; 
the one end of the Cable is connected to the screw e of the 
Key S. K, whilst its other end is well isolated. 

When / is depressed, the current from Z passes through 
the Short-circuit Key from h through e into the Cable, the 
other end of which is isolated, so that the current is obliged 
to pass through the insulation to Earth. In order that the 
strong current may not too violently affect the Galvanometer, 
the button a is not depressed, and the Galvanometer thereby 
put into the current, until ^ minute after the current is 
closed. When a is depressed, the current on arriving at h 
and e, on its way into the Cable, will divide into two parts, 
of which the one passes through the Shunt Sh, the other 
through the Galvanometer G, the deflection of which will 
give a measure of the strength of the current. The resistance 
which the current meets in the Dielectric so far surpasses all 
the other resistances in the line, that it is not necessary to 
take notice of the latter. It is therefore supposed that the 
deflection is in inverse proportion to the resistance of the 
Dielectric alone. 

If the insulation of a Core is very small, say under 
1,000,000 OhmSy it can be found in the same way as the 
copper^resistance (Fig. 2), the Core being connected to the 
screw n of the Eesistance-box, and having the other 
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isolated, and not as at the test of copper-resistance con- 
nected to the screw m. The numbers for the ratio of balance 
multiplied with the Besistance B give the insulation of the 
Gable. 

21. OHM'S LAW. 

According to Ohm's Law : 

^, ^ _^i i. xi X . The Electromotive force E 

the strength of the current is = ^s — 7-r 

^^ Kesistance x 

As the strength of the current is here measured by the 

deflection U of the Galvanometer, it wiU be found that 

E 
U = — , or : 

X 

E 

the resistance x of the Insulation = ~r . 

As the greatness of E and IT varies daily, E depending not 
only on the number, but on the strength of the elements, and 
U on the sensibility of the Galvanometer, these two factors 
must daily be measured by reference to some unit. 

22. CONSTANT n OF THE BATTEBY. 

The electromotive force of the Battery is measured by 
reference to the electromotive force of one single element, or 
by the Constant n. This is determined by bringing the 
Condenser instead of the Cable (see Fig. 5) into the current 
by removing the plug p to p'. 

The Condenser is first charged during 1 minute by aid 
of 1 element through s and u in the Discharge-key by 
depressing q. The Condenser is thereon, by releasing q 
and depressing r, discharged to Earth through b, the 6al- 

c 2 
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vanometer and e to Earth; the deflection % is then 
read. The Condenser is again charged, but with the whole 
Battery, in removing the wire v and binding the wire a? to 
the screw a, and for the discharge is now used a Shunt, which 
varies until the deflection is as before = u. If the Shunt 
has a resistance = 8, and the Galvanometer a resistance = ^, 

the multiplying power of the Shunt will be = — ^, which 

may be put = n, and the Battery will thus work with a 
strength of n elements. 

Instead of the variable Shunt is generally used a constant 
Shunt, and the two discharges then give two different deflec- 

tions : u and w'. The Constant n is then = — . Should by 



u' a Shunt V2 have been used, then n is = 






23. CONSTANT <^ OF THE GALVANOMETER 

The sensibility of the Galvanometer, which is indicated by 
the Constant ^, is determined as follows : only 1 element is 
used as Battery (see Fig. 6) ; the one end of a Eesistance- 
coil of 10000 S Ji. is connected to the element ; its other end 
is connected through the Key S.K and the Galvanometer 
to Earth; a Shunt with resistance s' and multiplying power v' 
is used. When a deflection <f) has thus been obtained, there 
will be found according to Ohm's Law : 

, 1 element 

*" * = ioooo-sjs: ' °' = 

"' "^ = 10000 X -935 ^^'^- 
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If a snflBciently great Eesistance-coil, say of 2,000,000 Ohms, 
is attainable, then the constant <f) of the Galvanometer may 
be determined by rising the whole Battery of, say, 200 cells. 
This facilitates the test^ as it is now not any longer necessary 
to determine the constant of the Battery, namely the strength 
of the Battery compared to the strength of the one cell, which 
was used before at this test. 
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• 

The current is first led only into the Leading wirea, which 
are not yet connected to the Cable. After ^ minute the plug 
of the Galyanometer is removed, and after another ^ minute 
the deflection, say tt',is read. If the deflection after 1 minute 
from Cable and Leading wires is U, then the deflection from 
the Cable only will be : 

U-tt' = U'. 

If a Shunt 8 with a multiplying power v has been used, 
then the deflection TJ' has to be multiplied with v, and v U' 
is then a measure for the Insulation. The greatness 8 of the 
Shunt is in inverse proportion to the length of the Cable. 

The Shunt has, as the Gulvanometer, always to be well 
isolated. 

It has to be observed that the deflection ^ is taken on the 
same side of the zero on the scale, and, if possible, at the 
same point of the scale as the deflection U' from the Cable. 

When these two deflections are compared, we obtain : 

*^*'*'^'" 10000 X -935 •«* 
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or, the resistance x of the Insulation is 

_ n X P^ X «^ X 10000 X -935 

rU' 

If the Galvanometer has a very slight sensibility ^ the Con- 
stant ^ can be determined by the whole Battery, that is to 
say, by n elements, and should a Shunt be used with the 
multiplying power v^ there will be found : 

. n »« X <^ X 10000 X -935 
*^' * = 10000 X -935' ''''^" ^U^ 

As this equation is independent of n, it is in this case 
unnecessary to determine or, that is to say, unnecessary to 
know the strength of the Battery. 

As the Insulation is in inverse proportion to the length of 
the Cable, which can be put = I knots, the Inmlaiion per 
knot will be 

n X t^' X <^ X 10000 X -935 x I 

The resistance of the Insulation diminishes as the tempera- 

iwe increases, and if the resistance a; Z is measured at, for 

instance, t degrees under or over 75° F., the resistance 

xl 
calculated at 75° F. will, at Hooper's Core, be ., ./^o^^ , or «/ 

X 1 • 026 * (see Table II.). This number with which it has 
been necessary to divide or multiply the result, so as to 
transfer it from one temperature to another, is named the 
Coefficient of the Temperature. When therefore the Insulation 
has been measured at t degrees under 75°, the Insviation per 
knot at 75° will be 
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nxv' X <I>X 10000 X -935 x I 
i;xU'xl-026« 



Tlie resistance at 75® F. for Guttsrpercha will be found by 
nsing in the fomiulay instead of 1 * 026^ at Hooper's Gore, 
about 1*076^ at ordinary Gutta-percha (see Table III.), and 
1-080* at Willoughby Smith's Gutta-percha (see Table IV.). 

When the temperatv/re cannot be correctly measured by 
a thermometer, as for instance when the Gable is in a tank, 
sometimes full of water, sometimes without, or when it is 
paid out into the sea, the temperature of the Gable may be 
calculated by its existent copper-resistance, when its copper- 
resistance at 75® F. is known. 

Is the resistance of a Gable per knot at 75° F. known to 
be 4*25 Ohms, and the existent Besistance is 4*00, then the 
temperature of the Gable is found as follows : 

4-25 (1 - -0021 (IM")) = 4-00, 

which giyes t = 47°. 

Should it be required to determine the Insulation after 2 
nUnwtes* charge, the deflection is read after 2 minutes, and the 
calculation made just in the same way as above mentioned, 
where the deflection is determined after 1 minute. 

Should the calculation be made by loffarithma, the follow- 
ing formula is used : 

log. a = log. n + log. t/ + log. <^ + log. 10000 + log. • 936 
- t log. 1-026 - log. © - log. U' + log I. 
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26. INSULATION POUND BY LOSS OF CHAEGE. 

The light-beam on the scale of the Gulyanometer is often 
found very unsteady during the Insulation-test. This may 
be occasioned by the Battery being strongly polarized^ or by 
the connection to Earth being faulty, or by adjoining machines 
making the Test-table shake, or by Cables being coiled into 
tanks close to the Gable about to be tested, or in a laid 
Cable by earth-currents. This unsteady deflection is par- 
ticularly found with an India-rubber Gable, and arises pos- 
sibly in part from the India-rubber reacting so strongly 
agcdnst the electricity, that the charge which is sent into 
the Gable is quickly driven back again, and creates a deflec- 
tion on the scale in a direction opposite the direction of the 
principal deflections, while the charge entering into Gutta- 
percha Cables is more easily imbibed by the Gutta-percha. 

For Cables with India-rubber it may therefore be advisable 

to certify the Insulation by also determining the loss ofcharffe. 

If a Cable, charged by a Battery of 10 to 20 elements for 1 

minute, isolated for 1 minute = t and discharged, gives the 

deflection u', and a Cable, charged for 1 minute and then 

instantly discharged, gives a deflection u, then the charge will 

&11 down to half charge in a time of f minutes, which can 

be found by : i 

^^^•"^ 0-30103, 

a = 1 = 1. 

u u 

log. -7 log. "7 

The Bemtame of the Insulation per knot in Megohms may 

1-443 x60 xt' -4343 x 60 x t 
then be expressed by = p = > 

Clog.^, 
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where C is the Charge in Microfarads per knot, and t is 
expressed in minutes. 

The Eesistance found in this way will generally be higher 
than it really is after 1 minute's Insulation, and agrees better 
with the resistance of the 2^ minute, which depends on the 
absorption of electricity by the dielectric, or the electrifica- 
tion of the Cable, until it is fully charged. 

Example. K the deflection falls in 1 minute from 100 to 
98 • 5, it will be found : 

0-30103 _ 0-30103 _ 

, 100 " 0-00655 " ' 

The Eesistance of the Insulation at the existing tempera- 
ture is 

1-443 X 60 X 46 



0-46 



= 8658 Megohms. 



26. INSULATION POUND BY THE ELEOTROMETEB. 

The Insulation of a Cable may also be found by the aid of 
an Electrometer. A very thin flat aluminium needle is 
suspended between two plates, charged with electricity. If 
the needle has a negative charge, it will be repelled from the 
one plate, which is negative relative to the other plate, and 
the motion of the needle will be indicated by the motion of 
the spot of light, reflected by a mirror, attached to the needle ; 
the deflection will be sensibly proportional to the difference 
of charge in the two plates. 

The one pole of the Battery is to Earth, its other pole is 
permanently connected with one plate of the Electrometer^ 
and by a short contact of 15 seconds with the other plate, 
which is in connection with the Cable. The two plates are 
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therefore, when the short contact is first broken, at the same 
potential or electromotive force; but the potential of the 
plate connected with the Cable will fall, in consequence of 
the leakage through the dielectric of the Cable, while the 
potential of the other will remain unchanged and the spot of 
light will move from its first undeflected position. 

As the deflection ought only to increase in a certain propor- 
tion, the good condition of the Cable may be ascertained' by 
observing the deflection every fifth or tenth minute. 

The Insulation I of a Cable is calculated by the following 

formula : 

4343 < 



1 = 



Olog.^ 



where C is the charge in Microfarads, u the first observed 
deflection on the Electrometer scale, and Ui the deflection 
after any time t, expressed in seconds. 

Example. — If the deflection after 1" 45" is 895, and after 
2™ 15' is 391 '5, and the charge is = '44, then : 

- -4343 X 30 _^^^ -- , 

I = = 7660 Megohms. 

•^^^^^«-39r5 

The Electrometer is supposed to have, compared with the 
Galvanometer, some advantages, when used by testing short 
coils of high resistance, or Cables in way of sheathing, while 
machinery is in motion, or by testing several Cables at the 
same time, specially when long tests of electrification are taken, 
or by testing a paid-out Cable affected by earth-currents. 
But if the Electrometer is damp, its indications are incorrect, 
and as, in spite of every precaution, it is still difiScult to keep 



THE INSULATION OF THE CABLE. 27 

it from dampness, it is therefore not safe for the Insulation 
test of a Gable to depend only on an Electrometer. 

27. STBONG BATTEEIES WITH CHANGING CUBEENTS. 

It is desirable at the daily testing of the Gore to have, for 
half an hour before the testing, a Battery of 500 elements 
with reversing current connected to the Core. The Inmhiion 
test is then to be taken by connecting the Core, first, for 5 
minutes to the Zinc-pole of the Battery, reversing the current 
for 2 minutes, leaving the Gore to Earth until it is quite 
discharged, and then connect it for 5 minutes to the Copper- 
pole, noting down the deflection at every minute; the 
deflections obtained by the two currents ought to feU just in 
the same proportion. 

The same operation is performed at the fined test of a 
Cable, only the deflections are in this case noted down for 
15 minutes, instead of 5 minutes. 

28. EXAMPLES. 

Example 1. 

Length of India-rubber Core. = 5 knots. 

Temperature = 70° F. 

Number of elements (generally 250) here = 100. 

Besistance of Galvanometer = 5850. 

Deflection from the Leading wires = 3. 

Shunt at Core = o ; v = oo . 

Shunt at Galvanometer =10 Ohms; v' = 586, 

Shunt at Battery = 100 Ohms ; Va = 59-5. 

The following eight columns are to be filled up in a 
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journal; Nos. 1, 3, and 5 are given, Nos. 4 and 6 are read, 
and the others are calculated. 



Shunt 

at 
Battery. 


Constant 

nof 
Battery. 


Shunt 
at Gal- 
vano- 
meter. 


Constant 

<^of 
Galvano- 
meter. 


Shunt 
at Core. 


Deflection 
after 1». 


Total In- 
sulation 
at 75°. 


Insula- 
tion per 
Knot 
at 75° 


1 


2 


3 


4 


6 


6 


7 


8 


100 


93-40 


10 


260° 





139° 


900 


4500 



If the deflection is with 1 element = 280° and with 
100 elements and a Shunt of 100 = 440°, then n is = 
59-5 X 440 



280 



= 93-40. 



The coeflScient of the temperature, or 1 • 026*, is found in 
the Table II. = 1-137. 
Total Insulation at 75° = 

nxt;'x*X 10000 93-40x586x260x10000 ^^^^ , 
W = 139x1-137 = 900 Megohms. 

Total Insulation per knot at 75° = 900 x 5 knots = 4500 

Megohms. 

If the calculation be made by loffarithms, it will be found : 

log. X = log. n + log. & + log. <l> + log. 10000 - log. 1 • 137 - 

log. TJ' + log. 5. 
log. 93-40 = 1-9703469 log. 1-137 = 0-0557605 
log. 686 • = 2 • 7678976 log. 139 = 2 • 1430148 

leg. 260 =2-4149733 

log. 10000 = 4 - 0000000 2 - 1987753 

11-1522178 

2-1987753 



log. 900 =8-9544425 
log. 5 =0-6989700 

log. 4500 9-6534125 
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Example 2. 

Length of India-rubber Cable = 

Temperature . . . . . . . = 

Number of Elements . . . . = 

Eesistance of Galvanometer = 

Shunt at Cable = 

Shunt at Galvanometer . . = 

Shunt at Battery = 



100 knots. 

70° F. 

100. 

5955 Ohms. 

3000; t; = 2-985. 

50; v' = 120-1. 

80; t;2 = 75-44. 



Shunt 

at 
Battery. 



80 



Constant 

n of 
Battery. 



2 



97 



Shunt 
at Gal- 
vano- 
meter. 



3 



50 



Constant 

<|>of 
Galvano- 
meter. 



540' 



Shunt 
at Cable. 



3000 



Deflection 
after 1™. 



6 



412' 



Total In- 
sulation 
at 75°. 



45-00 



Insula- 
tion per 
Knot 
at 75°. 



8 



4500 



97 X 120-1 X 540 X 10000 x 100 .^^^ .^ , 
2.985x412x1-137 = ^^^^ ^^«"^- 



X = 



EXAMPLB 3. 

Length of Gutta-percha Cable = 

Temperature = 

Number of Elements . . . . = 

Besistance of Galvanometer = 

Shunt at Cable = 

Shunt at Galvanometer . . = 

Shunt at Battery . . . . = 



75 knots. 




60° F. 




200. 




10560. 




1500 ; V = 


8-04. 


70; i/ = 


151-86. 


42; »,= 


: 25-24. 



Shunt 

at 
Battery. 



42 



Constant 

n of 
Battery. 



Shunt 
at Gal- 
vano- 
meter. 



2 



3 



252-42 



70 



Constant 

^of 
Galvano- 
meter. 



148° 



Shunt 
at Cable. 



1500 



Deflection 
after 1™. 



6 



390^ 



Total 
Insula- 
tion at 
75° F. 



Insula- 
tion per 
Knot 
at 75° 



8 



450 



252-42 X 151-86 x 148 x 10000 x 75 ,^^„ , 
8.04x390x3-013 = ^^^ *^^^^«- 



X = 
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EXAMPLI 4. 

Length of Gutta-percha Gore = 2 knots. 

Temperature = 75° F. 

Number of Elements . . = 200. 

Resistance of Galvanometer = 5620. 

Shunt at Core = 3000 ; v 

Shunt at Galvanometer . . = 20 ; t/ 

Shunt at Battery . . . . = 33 ; V2 



2-8733. 

282. 

171-30. 



Shont 

at 

Battery. 


Constant 

nof 
Battery. 


Shunt 
at Gal- 
vano- 
meter. 


Constant 

<^of 
Galvano- 
meter. 


Shunt 
at Core. 


Deflection 
after 1™. 


Total In- 
sulation 
at 75°. 


Insula- 
tion per 
Knot 
at 75^. 


1 


2 


3 


4 


6 


6 


7 


8 


33 


171-30 


20 


188° 


8000 


252° 


126 


250 



X = 



171-30.282.188.10000.2 
252 . 2-8733 



= 250 Megohms. 



D.— THE INSULATION OF A JOINT. 

29. PRACTICAL EXECUTION. 

For this test, in addition to the before-named apparatuses, 
is used a well-insulated trough, 3 feet long, and full of 
water (see Fig, 7). The Joint, when it has become quite 
cool, and has been soaking in water for 3 hours, as well as 
a copper-plate P connected to an isolated copper-wire, is 
lowered into the trough. 
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The Battery is given the same strength as at the Insula- 
tion testy or 500 elements. 

It is necessary first to try the insulation of the troiigh 
and Leading wires by loss in charge. By connecting 
P to t^, and depressing q for 15 seconds, the plate P is 
charged A:om Z through the Key B. K and the wire x. The 
plate is instantaneously discharged by releasing q and 
depressing r, the discharge passing through b, the Gralvano- 
meter, and o to Earth. 7^^ trough is again charged, kept 
isolated for 1 mmute and discharged. If the loss of charge, 
when the Leading wires are shorty is more than 2 — 3 per 
cent., the trough is not well insulated, and its insulation must 
be improyed. 

A test should be taken to prove that all conneetiona are in 
order. The Joint J is connected to ft, and when / is de- 
pressed, the current from Z passes through B. K to the Joint, 
which is then charged; an induced current in the water of 
the trough is hereby produced, which current is taken up by 
the Plate P. After ^ minute r is depressed, whereby the 
Plate P is discharged through the Glalvanometer to Earth. 

The Plate P is connected to 8, the Condenser to u and q is 
depressed ; the Joint is connected to ft, and / is depressed 
during 1 minute^ in which time the Condenser becomes 
charged with that quantity of electricity, which passes the 
insulation. At the end of the 1 minute, q is released and r 
depressed. The charge of the Condenser passes then through 
by the Galvanometer and e to Earth, and the greatness of 
the charge is determined by the deflection on the scale of the 
Galvanometer. 

If the Joint is thereupon instantly discharged to Earth by 
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releasing /, an induced current in the opposite direction of 
the first induced will be produced in the trough, and will, 
when P is connected to h, give the same deflection on the 
scale of the Galvanometer as the first current, if all is in 
otdeT. 

30. STANDAED FOB JOINTS. 

No more electricity is allowed to pass in a certain time 
through a Joint to the Plate P, than would pass in the same 
time through a faultless core twice as long as the Joint, or 6 
feet long. The test ought therefore first to be made with 
6 feet of faultless core and then with the Joint. To simplify 
the test it may however be agreed, that the charge received 
through the Joint, which has been connected to the Battery 
during 1 minute, must not be larger than say * 0005 Microfarad 
or nAnr part of the Charge of a Condenser, the charge of 
which is ' 5 Microfarad. If the fiill charge of a Condenser 
through a Shunt, with a multiplying power of 2000 gives a 
deflection u, the charge, which the Condenser has received 
in 1 minute through the Joint, ought only to be so great, 
that when charged, it gives through a Shunt with a multi- 
plying power of 2 a deflection not greater than u. 

The condenser must be entirely discharged when used for 
testing Joints, and a special condenser ought therefore to be 
reserved for this use. 
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E.— THE SITUATION AND GREATNESS 

OF A FAULT. 

81. SIGNS OF FAULTS. 
Larger faults, as a break in the Conductor, or a hole in the 
India-rubber, are easily discovered, as there will be obtained 
a smaller charge or a smaller insulation than in the faultless 
Cable ; small faults are more difficult to ascertain, but it is 
to be presumed that they exist : 

When the Copper-resistance at 75° F. is found to be lower in 
the Cable than it was before in the Core ; 

When the Charge diminishes ; 

When the Loss of Charge of the Cable after 1 minute^s 
charge and 1 minute's insulation increases, and is, for 
instance, at 60° F, with India-rubber more than 3 per 
cent., and with Gutta-percha more than 15 per cent.* 
of the original charge ; 

When at the Insulation test the fall of the deflection from 
the 1st to the 2nd minute is too small, and is, for in- 
stance, at 60° F. with India-rubber less than 20 per 
cent., and with Gutta-percha less than 4 per cent. 

If a favlt is small, the best plan is to enlarge it by in- 
creasing the number of elements in the Battery as much as 
possible, say until 100 elements in a paid-out Cable, and 
until 1000 elements in a Cable in course of manufacture, 
changing the current, for instance, every 5th minute, until 
the fault is perfectly broken down. 

When the Zinc-pole is connected with the Cable, the Con- 
ductor will be coated with hydrogen and the iron wires with 

* See L. Clark and B. Sabine : * Electrical Tables and Formula/ 1871, p. 121. 

D 



84 SLEGTBIC TESTIKG OF TELEaSAPH CABLES. 

oxygen^ and this polarizatian wJl create a current in the 
Cable, so that the Cable disconnected firom the Battery will 
give a deflection on the Gkdyanometer-scale, say to the right. 
If the Copper-pole is connected with the Cable, the hydrogen 
on the Conductor will be reduced and replaced by oxygen, 
while the iron wires will be coated with hydrogen, and the 
Cable current will giye a deflection in the opposite direction 
or to the left. There is a moment when these opposite 
actions of the hydrogen and the oxygen are apparently 
balanced, where the end of the wire is unpolarized and pro- 
bably uncoated, and then only can its correct resistance be 
determined. The test is then quickly made, alternately 
with negative and positive currents, the mean of which is 
taken. 

When the Zinc-pole is connected with a broken Cable, its 
copper-resistance ought to diminish as the Conductor gets 
de-oxydized ; but if it do not diminish in the first moment 
it may arise from the formation of hydrogen air-bubbles on 
the Conductor, increasing its resistance, and the current 
must then be kept on until the resistance is lowering and 
finally rests almost unchanged. It is well in a broken Cable 
to connect the Zinc-pole to the Conductor for a certain time, 
say 12 hours, and then change the current every 5th minute. 

As the strength of the Cable-current may be equal to that 
of about one Daniell's cell, the larger the number of cells 
used in testing the more accurate will be the result. 

The proper resistance of the fault will often be equal to 
the resistance of two or three miles of Core, so that the real 
distance to the fault is two or three miles less than that 
shown by the test. 
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32. TEST FEOM BOTH ENDS OF THE CABLE. 

The test can be taken from both ends of the Cable, when 
the Cable is in oooise of fabrication, or when the fault is so 
small, that it is possible to work through the Cable, or when 
there are two telegraph lines between two stations. This 
test, or the loop ted, is independent of the resistance in the 
fault, and has always to be used where possible. 

The Cajtle, in which it is presumed a fault at p (Fig. 8) is 
developed during the fabrication, is connected with its ends 
to m and n in such a way, that the fault is nearest to m, and 
thus nearest to the resistance-coil B. 

The wire to Earth, which is generally connected to the 
point m of the Wheatstone Bridge, is removed, as the current 
to Earth is here supposed to pass through the fault. 

The Battery is given as many elements as possible. 

Batio of halance is to be varied until the proportion is 
found, by which the situaticm of the fault is determined with 
the greatest accuracy. 

The copper-resistance B in the faultless Cable is supposed 
to be known from earlier tests ; the length of the Cable is /. 
When the fault has shown itself, the resistance of the greater 
length np is put = y, the resistance of the smaller length 
mp = z, and the resistance in the fault = q. The resistance 
B has now to be decreased to B' to make the needle of the 
Galvanometer stand on zeso*. 

Then there is given : 

y + z = B 

and y + 3 = R' + « + 3, or y = R' + 2. 

D 2 



dn ELEOTBIO TESTING OF TELEGB^FH CABLSSL 

Thu0 will be found : 

E-B' 
X = - 



2 

Tho distance x of the fault from m is then found fiom the 

oqnatiou : 

B I zl 

Example. 

Length of the Cable = 120 knots. 
B = 500 Ohms. 
R' = 160 Ohms, 

Thon there is given : 

y + n- 500, and y = 160 + z. 

Thu« will bo found : 

,f»A :i 170 X 120 .^ oi-« X 

« « 170, and » = — -^ — = 40-8 knots. 

88. TEST FEOM ONE END OF THE CABLE. 

a. Teit by Oopper^esistance, 

Where there is at the fault fUU connection to Earth, the 
copper-resistance in the length np is measured. Should this 
resistance be s r, whilst the resistance in the whole Cable, 
wliioh has a length I, is before found = B, then the length 

r X I 

np IS ^ — |v- • 

b. Teat hy Blavier's Method, 

This method is used when, as generally happens, there is 
net at the fault full connection to Earth. To determine this 
fault with as much accuracy as possible, it is well to enlarge 
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the fault by charging the Cable for some time with a chang- 
ing current from a strong Battery. 

The Copper-resistance in the faultless Cable is = B ; the 
resistance in the Cable with fault and isolated at the end m 
is = Bi; and the resistance of the Cable with fault and with 
the end m connected to Earth is = B2. 

The resistances in the lengths np and mp and in the fault 
are as before = y, z and q. 

Then there is given : 

Bi = y + <Z 

Bi = y H r^i where — ^ is the total resistance in z and q. 

There now is found : 

B — « = B, — g, org = B, — B + « 

B-.-y-E,-^^,orB.. = E,-^— ^-^. 

Both sides of the equation multiplied with Bi — B -|- 2^ 

giyes: 

2" + 2(B,-B)«= -.B«-B,B, + BB, + BB, 

« = B - E, + VBJ - B|E,-f. BBi - BE, 

y = B-« = B,- VBJ-B,E, + BB, -BE, 

The resistance mnp being thus determined, the situation 
of the fault is found as before. 

Example. 
Length of the Cable = 120 knots. 
B = 500 Ohms. 
Bi = 400 Ohms. 
Ba = 379 Ohms. 
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. Then there is found : 

z = 160, and y = 340. 

Thu& the length » j) is = ^^r^r — =81-6 knots. 

c. Te9t hy Charge. 

If the fault is occasioned by a break in the copper-wire, 
whilst the Indiarrubber is quite sound, the situation of the 
fault is found by charging the Cable from one end, determin- 
ing the greatness of the charge, and dividing this number 
with the known charge per knot of the Cable. 

TESTING AT LAYING OF A CABLE. 
34. Electrical Arrangement on Ship and on Shore. 

1. When on Ship (Fig. 9) / is depressed, the current goes 
from h through A;, b and the testing screw T of the Commu- 
tator into the Cable connected to the screw C, and isolated in 
a Commutator at its other end on Shore. By opening the 
Short-current Key S.K, the current goes through the Galvar 
nometer with Shunt, and a deflection is obtained. 

The regular fall of the deflection indicates the good 
condition of the Cable; by a lowering of Insulation the 
deflection will increase. 

By disconnecting T from, and connecting S to, the Cable, 
the ship is put in circuit for speaking. 

2. Ory Shore (Fig. 10) the Cable end is connected to a 
Commutator, and a dock causes the* arm pq to touch for 
some few seconds every tenth minute the button r, thereby 
charging the Condenser and at the same time giving a throw 
on the Ship Galvanometer ; Mrhen the arm p q again touches 
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the button <, the Condenser is discharged through the Shore 
Galvanometer giving a deflection on the scale. Instead of 
a Commutator, an ordinary Charge and Discharge Key may 
be used worked by hand. 

If the Insulation is lowering the discharge will get smaller^ 
and in the event of a loss of Continuity, or a total loss of 
Insulation, no charge of the Condenser and no discharge at 
all will be obtained. 

The ends of the Cable must always be kept dry and para- 
fined. 

If the Cable is permanently connected through a very 
high Bmstance B2 ^nd a Galvanometer G2 to Earth, Ship is 
able to signal at any time to Shore by either reversal or 
reduced tension, and Shore gets by this arrangement a perma- 
nent insulation and continuity test. For this resistance may 
be used a bar of selenium, or a plumbago line on glass, and 
a suitable Shunt is used to make the deflection on the Gal- 
vanometer scale of about 200 divisions. 

3. Both Ship and Shore have to be provided with a com- 
plete set of testing apparatuses, always kept ready for testing 
at any moment. 

85. InstmdtionB for Testing on Ship and on Shore. 

1. On Shipf the Cable being connected to Galvanometer 
for Insulation-test, the deflection is read every minute and 
noted down* 

The Besistance of the Battery and the Constant of the 
Galvanometer being determined, the Insulation readings for 
every 10 minutes are reduced in the ordinary way in 
Megohms per knot 
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2. Shvp must note the time when the continnity-throws 
from Shore occur, which will be about every tenth minute. 

3. Ship will reverse the Current every hour, whereby the 
discharge-throws on shore will also be reversed. 

4. 8hip will reverse the Current 10 minutes before noon, 
and Shore will acknowledge this by pressing in the stud s 
three times and bringing the arm pq m contact with r, 
thereby giving three kicks on the Ship Galvanometer. Ship 
then releases T and depresses S, and Shore having on its 
Commutator released T' and depressed S', all will be in 
readiness for speaking. Ship then gives Shore the time by 
sending a lot of dots, stopping at exactly twelve o'clock 
Greenwich time. Ship sends any necessary information, as 
distance run and miles paid out, as quickly as possible, 
always finishing by " insulate," which Shore station will im- 
mediately obey, both stations releasing S and S' and de- 
pressing T and T', and being again ready for the Insulation- 
test. 

6. Ship not to send any communications except those 
ordered by the chief Electricians and Engineers. 

6. On Shore the Condenser is every tenth minute, com- 
mencing at the full hour, connected through the arm p q and 
the button r of the Commutator for 10 seconds to the Cable, 
the charge abstracted from the Cable producing a throw on 
the deflection-scale on board; the Condenser is instantly 
afterwards discharged through the shunted Galvanometer G' 
by the falling back of the arm pq to the button t To make 
this reading very accurate, it is important to make it as high 
as possible. Shore must multiply these readings with the 
value of the Shunt, and enter the true value of each reading. 
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7. At reyersals at the fall hour except at noon Shore will 
not alter any connections, but simply note time and amount 
of throw on the Galvanometer G' ; but at reversals not bemg 
at the hour. Shore will depress the stud s three times and 
join up for speaking, ready to receive messages from Ship. 

8. Shore to make no communications whatever, or ask any 
questions, except in reply to demands from Ship. All infor- 
mation demanded to be given with as few words as possible. 

9. Shore to keep a diary, in which the names of the 
electrician in charge and the clerk on duty are entered, so 
that the responsible party for any time can be found. In the 
diary all observations must be recorded in full and timed. 

10. The testing room on Shore must be kept strictly 
private, and no one admitted except on business. 

11. Should any loss of Insulation or any F<mU occur, and 
Ship, having carefully examined all connections, has found 
that the extra loss of current is due to the Cable, the current 
is reversed, as a signal to Shore to join up for receiving 
messages, and if speakmg is possible Ship may, for instance, 
direct Shore to remove end of Cable from the Commutator, 
carefully retrim it and isolate it, that Ship may take another 
Insulation-test. 

Should the FatiU make speaking impossible^ Ship and Shore 
will proceed as follows : — 

Shore having joined up for speaking until the next full 
10 minutes, insulates for 10 minutes, puts to Earth for 10 
minutes, and continues to insulate and put to Earth alter- 
nately every 10 minutes until the next fiill hour. Shore 
then again joins up 10 minutes for speaking, and commences 
again to insulate and put to Earth alternately every 10 
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minutes until the next full hour, and so on until signal is 
received from Ship« 

12. From the day the eommunieation with the Ship ceases. 
Shore will have daily to take two series of tests, each of 
twelve readings for CJopper-resistance, six with Zinc to Cable, 
and six with Copper to Cable, alternately. One series of 
these tests to be taken at 9 A.M.y and the other at 6 p.m. 

18. Becords of the tests made and results obtained are to 
be carefully kept both on Ship and Shore. 

14. The above regvJations can only be modified by order 
from the Ship. The strictest fulfilment is of the utmost 
urgency, and no excuse whatever for any neglect will be 
accepted. 

FORMULAE. 

86. POEMULiB FOB THE CHAEGE OF COEES. 

The Charge C per knot of a Core is determined by the 
following equation : 

= g, 

where e is a constant^ E is the electromotive force of the 
Battery, I the length in knots of the Core, B the resistance 
per knot of the Insulator, D the diameter of the Core, and d 
the diameter of the Conductor. 
If for Hooper's Oore, the following numbers are given : 

= 'AS, E = 4000, D = -318", d = -145", andif Eis = 1 

and 2 = 1, then c is = 614. 
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The Charge C per knot is then 

614 '1535 

4000 log. J log. 5 



Microfarads. 



The Charge C per knot by ordinary ChMa-pereha Core ia 

found 

•1877 






Microfarads. 



The Charge G per knot at WiUoughhy SmitVs Outtorpercha 
Core is found to be 

= = Microfarads. 

^'«'d 

87. FOEMULiE FOE THE INSULATION OF COEES. 
The InBtdation per knot at 75^ F. is : 
At Hooper's Core .. .. = 1*3 x log. -r Megohms. 

At ordinary Gutta-percha Core= *077 x log. j „ 

At Willoughby Smith's Core = -085 x log. j „ 

where D is the diameter of the Core, and d the diameter of 
the Conductor, and where the first four figures of the loga- 
rithm is regarded as a whole number. 

The Insulation per knot at 75^ F. of a Gore with a Strand 
Conductor, calculated by weights, and not by diameters, is : 



/ W 

At Hooper's Core .. .. =13 X log./^l + 6'7 — 
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At 

Gore 



At WiUongbby Smith's! -oSS v loe .i./l4-6-9- 
Qutta-peroha Core ..[- U35 x log. ^ 1 + b y — 

where W is the weight of the Dielectric and w the weight of 
the Conductor, and where the first four figures of the loga- 
rithm is regarded as a whole number. 

88. FOBHXTL^ FOB THE SPEED IN GABLES. 

The Speed of working a Gable is proportionate to : 

S 1 

PxG^'^'PxGxr' 

where 8 is the specific conductivity of the copper, I the length 
of the Gable, G the Charge of the Cable per knot, and r the 
resistance of the copper per knot. 

When the holes in the machine, in which the copper-wires 
are drawn out, are worn out, the diameter of the copper-wires, 
and consequently their conductivity will increase, and the 
speed of the Gable would also increase, if the charge did not 
generally increase at the same time, whereby the speed will 
be again diminished. 

When it is fixed, that the specific conductivity S shall be 

not less than 90 per cent., and the charge G not more than 

*44 Microfarad, then the speed through 1 knot of Gable wfll 

90 
be proportionate to -^^ = 205; and the charge may increase 

to '45 and '46 Microfetrad, without the speed being altered, 
if the conductivity of the copper at the same time increases 

QQ .OR 04 . OA 

to 93-25 and 94'30, because ^^ = 205 = ^^ . 

•45 '4o 



As the Charge of the Core is inversely proportionate 

to log. -^y and the resistance of the Copper is inversely 

proportionate to cP, where D is the diameter of the Gore in 
mila (or thousandths of an inch), and d the diameter of 
the Conductor in mils., the working Speed can be expressed 

by: 

^ J. ^ (log. D - 1(^. d) 
constant x — ^^-^ — = — - • 

The l^[feed or number of words per minute is : — 
At Hooper's Core, with Morse's Apparatus : 

at Hooper's Core, with Reflecting Galvanometer : 

^^Q^ c?'(log.D-log.d) . 

by Gutta-percha Core, with Morse's Apparatus : 

gg^ d'Clog.D-log.cQ . 

by Gutta-percha Core, with Reflecting Gfdvanometer : 

gg3Q^aog:D-log^_ 



The obtained maximum speed is 50 per cent, higher than 
the above-named working speed. 

Example 1. — ^A Hooper's Core, with 300 lbs. Copper and 
200 lbs. India-rubber, or with d = • 145" and D = • 318", will. 
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by a distance of 900 nautical miles, giye a speed with Morse's 
Apparatus of 

„^^ 145« (log. 318 - log. 145) ^ « ^ 

700 ^ ^ — -2 i e 6-2 words per minute. 

The maximum speed will be about 9 words per minute. 
With a reflecting or mirror Gulvanometer, the speed will be 
11 X 6*2 = 68 words per minute. 

Example 2. — ^A Hooper's Core, with 180 lbs. Copper and 
180 lbs. India-rubber, or with d = • 110" and D = • 290", wiD, 
by a distance of 350 nautical miles, give a speed with Morse's 
Apparatus of 

^^^110»(log.290- 1(^.110) ^^ . 

700 ^ ^ o^^, ^ = 29 words per mmnte. 

ooO* 

Example 3. — ^A Core with 200 lbs. Copper and 200 lbs. 
Gutta-percha, or with d = -119" and D = -335", will, by a 
distance of 400 nautical miles, give a speed with Morse's 
Apparatus of 

630 ll£!M^zi^?di9) = 21 wards per nunnte. 

Example 4. — ^A Core with 300 lbs. Copper and 400 lbs. 
Gutta-percha, or with d = • 147" and D = • 467", will, by a 
distance of 1857 nautical miles, as the Atlantic Cable of 
1866, give a speed with a reflecting Galvanometer, or the 
mirror system, of 

^^-^ 147^ (log. 467 - log. 147) , ^ . , 

5830 18^72 — = 18*3 words per mmnte. 

The maximum speed obtained with this Gable is 25 words 
per minute. 
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39. FOBlffUL^ FOE THE WEIGHTS OF CONDUCTOE 

AND mSULATOE. ♦ 

The weight per knot of a copper-wire is = ^ lbs., where d is 

the diameter of the wire in mils, (thousandth parts of an 

inch). 

d? 
The weight per knot of a copper strand is = n7rr\ lbs. 

The weight per knot of India-rubber is = ^.^ lbs., where 

D is the diameter of the Gore, and d the diameter of the 
Conductor in mils. 

The weight per knot of Gutta-percha is = ... • 

Example. — A Gutta-percha Core is required, which has the 
same charge and the same weight of copper as an India- 
rubber Core with the weight per knot of 300 lbs. copper 
and 200 lbs. India-rubber. What is the weight of Gutta- 
percha per knot ? 

The charge of the Indiarrubber Core is found before to be = 

•45 Microfarad. 
Then we haye : 

• 45 = ^i^; log.T^ = -417; D = -379"; 

800 = ^; (i=-145". 

00 

The weight of Gutta-percha is : 

— ttt; — = T7^ = 250 lbs. 

491 491 
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40. FORMULiE FOR THE DIAMETERS OF CORES. 

The outer diameter D in mils, of a Gutta-percha Core, of 
which the strand condactor weighs e lbs., and the Gutta- 
percha g lbs. per knot, is : 



D = Vex 70-4: + gx 491. 

The outer diameter D in mils, of an India-rubber Core, of 
which the conductor weighs c lbs. and the India-rubber i lbs. 
per knot, is : 

D = Vex 70-4 + tx 401. 

Example. — If at a Gutta-percha Core the copper strand 

weighs 200 lbs. and the Gutta-percha 200 lbs. per knot, 

then : ^ 

cl= V200x 70-4 = 119, and 

D = V"200x 70-4 + 200x491 = 335. 

When the Dielectric has the same weight as the Con- 
ductor, or when w = W, then : 



« V^X 70-4 ^ ^ 

D = 2-82 X d = 2-82.119 = 835. 

41. FORMULiE FOR THE DIAMETERS OF CABLES. 

The outer diameter D of a bright iron Cable (a Cable 

without an outer covering) with n wires, each wire with a 

diameter d,is: 

1 . • ISO 
1 4- sm. 

D = e«.— ^ 



. 180 
sm. 



n 
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The inner diameter I^ of the iron covering at the Cable is : 

, . 180 
1 — sm. 



. 180 
Bin. 



n 

ExAMPiJS. — ^At a cable with 12 wires, No. 8, each with a 
diameter of • 165" : 

D'- -165" V ^ - '258819 

^ " ^^^ ^ -258819 " *^^ 



E 



JSQ 
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TABLE L 

TEMPEBATUBE COBFFIOIENT FOB CALCULATING THE 
BESISTANCE OF OOPPEB AT 75° F. 



Tempentnre 

lower than 

760 


CoeffldflDt ^ 


Logarithm 
rOoeffldeot 


Temperatiue 
hkdierthan Co< 
750 


Adent 


LocpaithmoT 
GbeflBdent^ 





1*0000 


0000000 


1 


•0000 


•0000000 


1 


10021 


0009111 


1 


•9979 


•9990870-1 


2 


1*0042 


0018202 


2 


•9958 


•9981721-1 


8 


1-0068 


0027275 


8 


•9937 


•9972553-1 


4 


1*0084 


0086328 


4 


•9916 


•9963365-1 


5 


1-0105 


0045368 


5 


•9896 


•9954597-1 


6 


1-0127 


0054808 


6 


•9875 


•9945371-1 


7 


10148 


0063805 


7 


-9854 


•9936126-1 


8 


1-0169 


0072782 


8 


•9834 


•9927302-1 


9 


1-0191 


0082168 


9 


-9818 


•9918018-1 


10 


1-0212 


0091108 


10 


•9792 


•9908714-1 


11 


1-0288 


0100030 


11 


•9772 


•9899835-1 


12 


1-0255 


0109357 


12 


•9751 


•9890492-1 


18 


1-0276 


0118241 


18 


•9731 


•9881575-1 


14 


1-0298 


0127529 


14 


•9711 


•9872640-1 


16 


1-0820 


•0136797 


15 


•9690 


•986323»-l 


16 


1-0841 


-0145625 


16 


•9670 


•9854265-1 


17 


1-0868 


0154855 


17 


•9650 


•9845273-1 


18 


1-0885 


•0164065 


18 


•9629 


-9835812-1 


19 


1-0407 


•0173256 


19 


•9609 


•9826782-1 


20 


1-0428 


•0182010 


20 


•9589 


•9817733-1 


21 


1-0450 


•0191163 


21 


-9569 


-9808666-1 


22 


1-0472 


•0200296 


22 


•9549 


-9799579-1 


28 


1-0494 


•0209411 


23 


•9529 


-9790473-1 


24 


1-0516 


•0218506 


24 


•9509 


-9781348-1 


25 


1-0588 


•0227582 


25 


9489 


-9772204-1 


26 


1-0561 


•0237050 


26 


•9469 


-9763041-1 


27 


1-0588 


•0246088 


27 


-9449 


9753858-1 


28 


1-0605 


0255107 


28 


•9429 


-9744656-1 


29 


1-0627 


•0264107 


29 


•9409 


9735435-1 


80 


1-0650 


0273496 


30 


•9390 


-9726656-1 


81 


1-0671 


0282051 


81 


•9369 


-971693^1 


32 


1-0692 


0290590 


82 


-9348 


-9707187-1 


88 


1-0713 


0299111 


83 


-9327 


-9697420-1 


84 


1-0734 


0307616 


34 


9306 


9687630-1 


85 


1-0755 


0316104 


35 


9285 


9677819-1 


86 


1-0777 


0324979 


86 


9264 


9667985-1 


87 


1-0798 


0333433 


37 


9243 


9658130-1 


88 


1-0819 


0341871 


38 


9222 


9648251-1 


89 


10841 


0350693 


39 


9201 


9638350-1 


40 


1-0862 


0359098 


40 


9180 


9628427-1 
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TABLE n. 

TEMPERATURE COEFFICIENT FOR CALCULATING THE DIELEC- 
TRIC RESISTANCE OP HOOPER'S INDIA-RUBBER AT 75° F. 



Diflference 
in Tem- 


1-026^. tl 


[iog. 1-026. 


Difference 
in Tem- 
perature, I 


1-026 «. 

> 


« Log. 1-026. 





1-000 


-00000 


21 


1-715 


-23415 


1 


1-026 


-01115 


22 


1-759 


-24530 


2 


1-053 


•02230 


23 


1-805 


-25645 


3 


1-080 


-03345 


24 


1-852 


•26760 


4 


1-108 


•04460 


25 


1-900 


-27875 


6 


1-137 


-05575 


26 


1-949 


•28990 


6 


1-167 


-06690 


27 


2-000 


•30105 


7 


1-197 


•07806 


28 


2-052 


-31220 


8 


1-228 


•08920 


29 


2-105 


- 32335 


9 


1-260 


• 10035 


30 


2-160 


•33450 


10 


1-293 


"11150 


31 


2-216 


-34565 


11 


1-326 


12265 


32 


2-274 


•35680 


12 


1-361 


13380 


33 


2-333 


•36796 


13 


1-396 


14495 


34 


2-394 


-37910 


14 


1-443 


15610 


35 


2-456 


-39025 


15 


1-470 


16725 


36 


2-520 


-40140 


16 


1-508 


17840 


37 


2-686 


-41255 


17 


1-647 


18955 


38 


2-653 


-42370 


18 


1-587 


20070 


39 


2-722 


-43486 


19 


1-629 


21185 


40 


2-793 


•44600 


20 


1-671 


22300 
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TABLE nL 

TEMPEBATUBE COEFFICIENT FOB CALCULATING THE DIE- 
LECTBIO BESISTANCE OF OBDINABY GUTTA-PEBOHA 

AT 750 F. 



Tempen- 
tnreFahr. 


RflilBtanoe. Log 


.Beristanoe. 

1 


Tempers- ^^ 
tnreFahr. "*" 


(Manoe. Log 


. Besistanoe. 


32° 


23-622 


373317 


670 1 


•801 


-255514 


33 


21-947 


341375 


68 1 


673 


-223496 


34 


20-391 


309439 


69 1 


■555 


191730 


35 


18-945 


277495 


70 1 


'444 


•159567 


36 


17-602 


245562 


71 1 


342 


•127753 


37 


16-354 


213624 


72 1 


•247 


-095867 


38 


15-195 


181701 


73 1 


•158 


•063709 


39 


14-117 


149742 


74 1 


•076 


-031812 


40 


13-116 


117801 


75 1 


•000 


•000000 


41 


12 186 


085861 


76 


9418 


•973959 


42 


11-322 


053923 


77 


•8870 


•947924 


43 


10-520 


022016 


78 


8354 


921895 


44 


9-774 


990072 


79 


•7867 


•895809 


45 


9081 


958134 


80 


•7410 


•869818 


46 


8-437 


926188 


81 


■6978 


843731 


47 


7-839 


894261 


82 


•6572 


'817698 


48 


7-283 


'862310 


83 


6190 


•791691 


49 


6-767 


830396 


84 


-5829 


•765594 


50 


6-287 


798444 


85 


■5490 


789572 


51 


5-841 


■766487 


86 


5171 


713575 


52 


5-427 


734560 


87 


4870 


-687529 


53 


5-042 


•702603 


88 


4586 


-661434 


54 


4-685 


•670710 


89 


4319 


635383 


55 


4-353 


•638789 


90 


'4068 


-609381 


56 


4- 044 


-606811 


91 


3831 


-583312 


57 


3-757 


•574841 


92 


•8608 


-557267 


58 


3-491 


•542950 


93 


3398 


-531223 


59 


3-244 


•511081 


94 


-3200 


-505150 


60 


3-013 


•478999 


95 


■3014 


479143 


61 


2-800 


•447158 


96 


-2839 


-453165 


62 


2-601 


•415140 


97 


-2674 


-427161 


63 


2-417 


■383277 


98 


2518 


-401056 


64 


2-245 


351216 


99 


2371 


374932 


65 


2-086 • 


319314 


100 


2233 


-348889 


66 


1-938 


287354 
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TABLE IV. 

TEMPEBATUBE COEFFICIENT FOB CALCULATING THE DIE- 

LECTBIO BESISTANCE OF WILLOUGHBY SMITH'S 

GUTTA-PEBCHA AT 75° F. 



Tempen- 

toraFahr. 


KfiilirtaincR. Log. ResistaQce. 


Tempera- ^ 
ture Fahr. * 


esiatance. Los 


;. Bestetanoe. 


S2P 


27-913 


•445807 


670 1 


•858 


269046 


33 


25-834 


412192 


68 1 


•719 


235276 


34 


23-910 


378580 


69 1 


•591 


201670 


35 


22 128 


344942 


70 1 


•473 


168203 


36 


20-480 


311330 


71 1 


'363 


134496 


37 


18-954 


277701 


72 1 


•261 


100715 


38 


17-542 


244079 


73 1 


•167 


067071 


39 


16-235 


210452 


74 1 


080 


038424 


40 


15 025 


176815 


75 1 


000 


000000 


41 


13-906 


143202 


76 


9375 


971971 


42 


12-870 


109579 


77 


'8789 


943940 


43 


11-911 


075948 


78 


8240 


915927 


44 


11-024 


042339 


79 


7725 


887899 


45 


10-203 


008728 


80 


7242 


859859 


46 


9-442 


975064 


81 


6789 


831806 


47 


8-739 


941462 


82 


'6365 


803798 


48 


8-088 


907841 


83 


•5967 


775756 


49 


7-485 


874192 


84 


5594 


747723 


50 


6-928 


840608 


85 


5245 


719746 


51 


6-412 


806994 


86 


'4917 


•691700 


52 


5-934 


773348 


87 


•4609 


663607 


53 


5-492 


739731 


88 


4321 


635584 


54 


5-083 


706120 


89 


'4051 


'607562 


55 


4-704 


672467 


90 


'3798 


'579555 


56 


4-354 


'638888 


91 


3561 


•551572 


57 


4 029 


'605197 


92 


-3338 


'523486 


58 


3-729 


•571592 


93 


-3130 


'495544 


59 


3-451 


•537945 


94 


-2934 


•467460 


60 


3-194 


•504335 


95 


-2751 


-439491 


61 


2-956 


•470704 


96 


•2579 


-411451 


62 


2-736 


•437116 


97 


•2417 


-383277 


63 


2-532 


•403464 


98 


•2266 


•355260 


64 


2-343 


•369772 


99 


-2125 


•327359 


65 


2-169 


•336260 


100 


•1992 


-299289 


66 


2-007 


•302547 
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TABLE V. 

CONVERTING OP YARDS INTO KNOTS. 



YanlB. 


Knots. 


Taitb. 


Knots. 


Yards. 


Knots. 


II 

il Tarda. 

1 


Knots. 


1 ' 


000493 


81 


-015278 


61 


•030064 


91 


•044850 


2 


-000986 


32 


•015771 


62 


•030557 


92 


•045343 


8 


001479 


33 


016264 


63 


•031050 


93 


•045836 


4 


001971 


34 


016757 


64 


•031542 


! 94 


•046329 


5 


002464 


35 


•017250 


65 


•032035 


95 


•046822 


6 


•002957 


86 ' 


017743 


66 


•032528 


96 


•047315 


7 


•003450 


37 


018236 ^ 


67 


•033021 


97 


•047808 


8 


-003948 


38 


-018728 


68 


•033514 


98 


•048301 


9 


-004436 


39 


019221 


69 


•034007 


99 


•048794 


10 


004929 


40 


019714 


70 


•034500 


100 


•049287 


11 


-005421 


41 


020207 


71 


•034993 

1 


200 


•098571 


12 < 


'005914 


42 


020700 


72 


•035485 


300 


•147856 


18 


"006407 


43 


021193 


73 


•035978 


400 


•197141 


14 


-006900 


44 


021686 


74 


•036471 


500 


•246427 


15 


007393 


45 


022178 


75 


•036964 


600 


•295712 


16 


007886 


46 


022671 


76 


•037457 


700 


•344998 


17 


008379 


47 


023164 


77 


•037949 


800 


•394283 


18 


008871 


48 


023657 ' 


78 


•038433 


900 


•443568 


19 " 


009364 


49 

1 


024150 ; 


79 


•038935 


1000 


•492854 


20 


009857 


50 


024643 


80 


•039428 


1100 


•542139 


-21 


010350 


51 


025136 


81 


•039921 


1200 


•591424 


22 


-010843 


52 


025628 


82 


•040414 


1300 


•640710 


23 • 


011336 


53 


026121 


83 


•040907 


1400 


•689995 


24 


•011828 


54 


026614 


84 


•041400 


1500 


•739280 


25 


-012321 


55 ' 


027107 


85 


•041892 


1600 


•788566 


26 


-012814 


56 


027600 


86 


•042385 


1700 


•837851 


27 


-013307 


57 


028093 


87 


•042878 


1800 


•887137 


28 


-013800 


58 


028586 


88 


•043371 


1900 


•936422 


29 


-014293 


59 


-029078 


89 


•043864 


2000 


•985707 


30 


-014786 


60 


029571 


90 


•044357 


2029 


1-000000 



Tig.l. 
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W 







Pig. 2 



TEST OF COPPER RESISTANCE. 




TEST OF CHARGE. 



Eig.3 




Fig. 4 



TEST OF IT^SULATION 




CONSTANT OF THE BATTERY. 



Pig. 5 




Fig. 6 



CONSTANT OF THE GALVANOMETER. 




ijj . 



JOINT TEST. 



Kg. 7 




6^0 



TEST OF FAULT. 



Kg. 8. 




H|. 9. 



ON SHIP. 




Hg.lO. 



ON SHORE. 
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Architects' 

A Handbook of Formulae, Rules, and Memoranda, for Archi- 
tectural Surveyors and others engaged in Building, by J. T. Hurst, 
C.E., seventh edition, royal 32mo, roan, 5^. 



CONTAINING : 

Formulae useful in Designing Builders' 
work. 

Memoranda connected with Builders' 
work. 

The Practice of Builders' Measure- 
ment. 

Summary of the Practice in Dilapida- 
tions. 



Mensuration. 

Table of the Weight of Materials used 

in Building. 
Constants of Labour. 
Valuation of Property. 
Scale of Professional Charges for 

Architectural Surveyors, &c 



Bibliogrrapliy. 

How to publish a Book, being directions and hints to Authors, by 
Ernest Spon, crown 8vo, cloth, is. 

Blast Furnace. 

Researches on the Action of the Blast Furnace, by Charles Schinz, 
translated from the German by W. H. Maw and MORITZ MOller, 
plates^ crown 8vo, cloth, 8j. 6^. 
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Bridges- 
Estimates and Diagrams of Railway Bridges for Twnpike, Public, 
and Occupation Roads, in the Embankments of Double or Single 
Lines, and cuttings of Double Lines, with Form for Calculating 
Quantities in Skew Structures, &c., also Culverts of various dimen- 
sions, and at Station Buildings, by J. W. Grover, M.I.C.E., second 
edition, enlarged, with 37 coloured plates, folio, cloth, 31J. 6d, 

Bridges. 

Wrought-iron Bridges and Roofs. Lectures delivered at the Royal 
Engineer Establishment, Chatham, with examples of the Calcu- 
lations of Stress in Girders and Roof Trusses, by Graphic and 
Algebraic Methods, by W. Cawthorne Unwin, B.S., Associate 
I.C.E., 8vo, cloth, with thirteen plates, 12s, (>d. 

Bridges. 

The Strains upon Bridge Girders and Roof Trusses, including the 
Warren, Lattice, Trellis, Bowstring, and other Forms of Girders, 
the Curved Roof, and simple and compound Trusses, by Thos. 
Cargill, C.E.B.A.T.C.D., Assoc. Inst. C.E., Member of the Society 
of Engineers, &c., &c., with 64 illustrations, drawn and worked 
out to scale, 8vo, cloth, 12s, 6d, 

Bridges. 

Construction of the Great Victoria Bridge in Canada, by James 
Hodges, Engineer to Messrs. Peto, Brassey, and Betts, contractors, 
voL I, imp. 4to, illustrated with 17 coloured plates and numerous 
wood engravings; vol. 2, royal folio, containing 28 double and 19 
single plates, together 2 vols., half-bound in morocco, 4/. 14^. 6</. 

Bridges. 

Long-Span Railway Bridges. (Revised Edition), comprising Inves- 
tigations of the Comparative and Practical Advantages of the various 
Adopted or Proposed Type System of Construction, with Formulae 
and Tables ; to which are added Investigations and Tables relating 
to Short-Span Railway Bridges, by B. Baker, Assoc. Inst. C.E., 
crown 8vo, cloth, 5^. 

Builders' Price Book. 

Spons' Builders' Pocket-book of Prices and Memoranda, edited by 
W. Young, Architect, royal 32mo, cloth, 3J. 61/. 

CONTENTS : 



Ancient Lights, table of and rules for 

calculating 
Approximate cost of buildings, by 

Cubing 



Arches, architects' charges 
Bricklayers' useful memoranda 
Carpenters' and joiners' useful memO' 
randa 
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Builders' Price 'Bookr-eonHnued, 



Cubical contents of floors, roofs, &c., 
table of 

Cements, composition and strength of 

Chimneys, how to build 

Chimneys, smoky, cause and cure of 

Churches, rules of incorporated society 

Circle, properties of 

Coals, space occupied by, and weight 
of 

Colunms, strengtli of 

Cast-iron hollow columns, table of 

Concrete building 

Concrete under water 

Corrugated iron roofing 

Damp walls, recipe for 

Measurement of builders* work 

Mortars 

Mortar, Smeaton's, as used at E/ldy- 
stone lighthouse 

Norman, Early English, Decorated, 
and PerpendicuLir mouldings, ex- 
amples of . 

Nomenclature, architectural 

Paviors' memoranda 

Perspective 

Piers and pillars 

Piles 

Plasterers' memoranda 
. Plumbers* memoranda 
' Preservation of wood and stone 

Rainfall • 

Retaining walls 

Rolled iron joists 

Roofs, table of scantling, &c 

Ropes 

Stone, building, component parts, 
colour, weight, strength, and 
price of building stones in Eng- 
land and Scotland 

Surve3ring 

Symbolism 

Thickness of walls 

Tenacity of materials 

Timbers, quality, weight, and strength 
of 

Decay of wood, cause and cure of 

Dimensions of English cathedrals and 
halls 

Drainage of land 



Drains and sewers 

Drainage of towns, cost of 

Excavators* useful memoranda 

Fire and insurance memorands^ 

Five orders of architecture 

Floors and joists, table of wood 

Footings of walls 

Gasfitters' useful memoranda 

Gas supply 

Girders of wood and iron, strength of, 

and table of safe loads 
Heat 

Hoop iron 
Heights, measurable 
Iron roofs, examples of 
Lightning conductors 
Limestones 

Loads on roofs and floors 
Mensuration 
Valuation of property 
Ventilation 
Warming by steam 
Water, hot 
Water supply 
Waterworks 
Wells 
Weight of metals and all materials 

used in building 
Wind, pressure of 
Zinc-workers* memoranda 
Excavators* prices 
Bricklayers* prices 
Masons prices 
Marble masons* prices 
Terra-cotta prices 
Paviors* prices 
Carpenters* prices 
Joiners* prices 
Steam-made joinery prices 
Ironmongers* prices 
Slaters* memoranda 
Slaters' prices 
Tilers* prices 
Plasterers* prices 
Plumbers* prices 
Smiths* and founders' prices 
Zinc-workers' and bell-hangers' prices 
Painters* and paper-hangers* prices 
Glaziers* prices 
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Cabinet Making. 

The Cabinet Maker ; being a Collection of the most approved 
designs in the Mediaeval, Louis-Seize, and Old English styles, for 
the use of Cabinet Makers, Carvers, &c., by R. Charles, (foplatesy 
foUo, half-bound, 2Ij. 

Carpentry. 

Elementary Principles of Carpentry, by Thomas Tredgold, 
revised from the original edition, and partly re-written, by JOHN 
Thomas Hurst, contained in 517 pages of letterpress, and illus- 
trated with 48 plates and 150 wood engravings^ crown 8vo, hand- 
somely bound in doth, i&r. 

Chocolate and Cocoa. 

Cocoa, its Growth and Culture, Manufacture and Works of pre- 
paration for the Table, by C. Hewett, illustrated with wood 
engravings^ fcap. 8vo, sewed, is. 

Coffee. 

The Coffee Planter of Ceylon, by William Sabonadiere, with 
an Appendix containing various extracts and letters from other 
authorities bearing on the same subject, second edition, enlarged 
and revised, illustrated by plates ana wood engravings, crown 8vo, 
cloth, 7s, 6d, 

Coffee and Chicory. 

Coffee and Chicory ; the Culture, Chemical Composition, Prepara- 
tion for Market, and Consumption, with simple tests for detecting 
adulteration, and practical hints for the producer and consumer, 
by P. L. SiMMONDS, F.S.S., author of * The Commercial Products 
of the Vegetable Kingdom,* 'Dictionary of Products,* &c., &c., 
illustrated by numerous wood engravings, post 8vo, cloth, 2s. 

Cotton Cultivation. 

Cotton Cultivation in its various details, the Barrage of Great 
Rivers, and Instructions for Irrigating, Embanking, Draining, and 
Tilling Land in Tropical and other Countries possessing high ther- 
mometric temperatures, especially adapted to the improvement of 
the cultural soils of India, by Joseph Gibbs, Member Institute 
Civil Engineers, with 5 plates, crown 8vo, cloth, 7 j. 6d. 

Curves, Railway. 

A complete System of Setting-out Railway Curves, comprising the 
necessary alternative methods, with full Tables of the Angles, Dis- 
tances, and Off-sets required on the ground, specially arranged for 
easy reference and practical use, by David Livingston, C.E., 
crown 8vo, cloth, lar. 6d, 
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Curve Tables. 

Tables for Setting-out Railway Curves, arranged by Chas. Pullar 
Hogg, C.E., a series of cards arranged for Manipulation, with a 
sheet of explanations and examples, in neat cloth case, 4r. 6d, 

These Tables are intended to facilitate the ranging of circular Arcs, by the 
method of Tangential Angles, introduced by Professor Rankine : they are 
suitable for any unit of length, British or Foreign, so long as the angles and 
the arcs are expressed in the same unit The angles are given in d^;rees, 
minutes, and decimals. 

Dilapidations. 

Dilapidations, a text-book for Architects and Surveyors, in tabulated 
form, by Banister Fletcher, Assoc. Rl. Inst Brit. Arch, (author 
of Moael Houses), showing who are liable for Dilapidations, and 
the extent of the liability of Lessors, Lessees, Tenants at will, 
Tenants by Elegit, Statute, Merchant, or Staple Tenants in fee 
simple. Tenants in tail. Tenants for life. Tenants for years without 
impeachment of Waste, Mortgagor, Mortgagee in possession. Yearly 
Tenants, Tenants in common, and joint Tenants, Rights of copar- 
ceners ; also what are dilapidations and waste, and further niUy 
instructs the surveyor how to take and value them, to which is 
added the duties of surveyors, with a table of legal cases, embracing 
the most recent, and illustrated throughout by examples drawn from 
the author's experience, and latest legal decisions, i2mo, cloth, 5^. 

Earthwork Tables. 

Tables for Computing the Contents of Earthwork in the Cuttings 
and Embankments of Railways, by W. Macgregor, royal 8vo, 
cloUi, 6s, 

Electric Telegraph. 

An Elementary Treatise on Electrical Measurement for the Use of 
Telegraph Inspectors and Operators, by Latimer Clark, with 
numerous woodcuts, crown 8vo, cloth, 6s, 

Electric Telegraph. 

Electrical Tables and Formulae for the Use of Telegraph Inspectors 
and Operators, compiled by Latimer Clark and Robert Sabine, 
with wood engravings, crown 8vo, cloth, 12s, 6d, 

Electrical Standards. 

Reports of the Committee on Electrical Standards appointed by 
the British Association for the Advancement of Science, reprinted 
by permission of the Council, revised by Sir W. Thomson, LL.D.y 
F.R.S., Dr. J. P. Joule, F.R.S., Professors J. Clerk Maxwell, 
M.A., F.R.S., and F. Jenkin, F.R.S., with a Report to the Royal 
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Society on Units of Electrical Resistance, and the Canton Lectures 
delivered by Professor Jenkin before the Roysd Society of Arts. 
Edited by Professor Jenkin, F.R.S., 8vo, cloth, price 9^. 

Engineeringr, Spons' Dictionary of. 

Civil, Mechanical, Military, and Naval : with Technical Terms, in 
French, German, Italian, and Spanish ; to be completed in 96 
fortnightly Nos., imperial 8vo size, 32 pages, at is, each, the whole 
illustrated by many thousand engravings, 

VoL I, containing 2273 wood engravings, 1152 pp., and nearly 200 
distinct Treatises, handsomely half-bound in morocco, top edge gilt, 2/. Sx. 

VoL 2, containing 2216 wood engravings, 960 pp., and nearly 100 distinct 
Treatises, handsomely half-bound in morocco, top edge gilt, 2/. zs, 

VoL 3, completing the work, will be ready in November, half-bound in 
morocco, top edge ^t, 2/. 2j. 

Also in Divisions, containing I2 Nos. bound in cloth at 13^. 6^., i to 6 
now ready. 

Engineeringr Drawing. 

An Elementary Treatise on Orthographic Projection, being a new 
method of Teaching the Science of Mechanical and Engineering 
Drawing, intended for the instruction of Engineers, Architects, 
Builders, Smiths, Masons, and Bricklayers, and for the use of 
Schools, with numerous illustrations on wood and steely by 
William Binns, Associate Institute Civil Engineers, late Master 
of the Mechanical Drawing Class at the Department of Science and 
Art, and at the School of Mines, formerly Professor of Applied 
Mechanics at the College for Civil Engineers, &c., sixth edition, 
8vo, cloth, 9^. 

Mr, Binn^ System of Mechanical Drawing is in successful 
operation in all the Art Schools of the United Kingdom. 

Engineering Drawing. 

The Second Course of Orthographic Projection ; being a continua- 
tion of the New Method of Teaching the Science of Mechanical and 
Engineering Drawing ; with some Practical Remarks on the Teeth 
of Wheels, the Projection of Shadows, Principles of Shading, and 
the Practice of Making to Scale Drawings from Actual Machinery. 
Intended for the instruction of Engineers, Architects, Builders, 
Smiths, Masons, and Bricklayers, and for the use of Science Schools 
and Classes, with numerous illustrations, by William Binns, 
Consulting Engineer, Associate I.C.E., late Master of the Mecha- 
nical Drawing Class at the Department of Science and Art, and at 
the Royal School of Mines ; formerly Professor of Applied Mechanics 
at the College for Civil Engineers, &c., 8vo, cloth, los, 6d. 
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Engineers' Companion. 

The Office and Cabin Companion for Engineers and Officers of 
Steam Vessels, consisting of observations, rules, and tables to 
facilitate such Calculations as Naval Officers and Engineers are 
called upon to make, by J. SiMOND Holland, second edition, 
i2mo, cloth, 3^. 

Engineers' Pocket-book. 

The Pocket-book of Pocket-books, being Molesworth and Hurst's 
Pocket-books, printed on thin paper and bound together in one 
volume, royal 32mo, russia, gilt edges, 12s, 6d. 

Engineers' Pocket-book. 

A Pocket-book of Useful Formulae and Memoranda for Civil and 
Mechanical Engineers, by Guilford L. Molesworth, Member 
of the Institution of Civil Engineers, Consulting Engineer to the 
Government of India for State Railways, seventeenth edition, 
revised, with considerable additions by the author, containing 150 
additional pages, royal 32mo, roan, dr. 

Ditto, interleaved with ruled Paper for Office use, 91. 

Ditto, printed on thin paper for the waistcoat pocket, 6s, 

Engineers' Price Book. 

Applebys' Illustrated Handbook of Machinery and Iron Work, with 
the Cost, the Working Expenses, and the Results obtained in the 
use of Steam and Hand Cranes, Pumps, Fixed and Portable Steam 
Engines and various other Machines ; with Weight, Measurement, 
&c., &c. ; also Prices of Tools, Iron Work, Stores, and Materials 
required by Civil and Mechanical Engineers, Merchants, and 
others ; together with numerous Tables and Memoranda, by 
Appleby, Bros., Engineers, many hundred wood engravings, 8vo, 
cloth, 12^". (>d. 

Engineers' Tables. 

Spons' Tables and Memoranda for Engineers, selected and arranged 
by J. T. Hurst, C.E., author of Architectural Surveyors* Hand- 
book, Hurst's Tredgold's Carpentry, &c., 64mo, roan, gilt edges, is, 

French Measures. 

French Measures and English Equivalents, by John Brook. For 
the use of Engineers, Manufacturers of Iron, Draughtsmen, &c., 
i8mo, roan, is, 

" In a series of compact Tables the English values of the French measures 
are arranged from one to a thousand millimetres, and from one to a hundred 
metres ; 3ie fractions of an inch progressing in sixteenths are also reduced 
to French values. The little book will be found useM to almost every 
engineer." — Engineering, 
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French Polisliingr. 

The French Polisher's Manual, by a French Polisher, containing 
Timber Staining, Washing, Matching, Improving, Painting, Imita- 
tions, Directions for Staining, Sizing, Embodying, Smoothing, Spirit 
Varnishing, French Polislung, Directions for Re-polishing, royal 
32mo, sewed, 6^. 

Gas. 

Analysis, Technical Valuation, Purification and Use of Coal Gas, 
by the Rev. W. R. Bowditch, M.A., with wood engravings^ 8vo, 
cloth, I2J. 6^ ^ 

Oold and Silver Mining. 

The Mining and Metallurgy of Gold and Silver, by J. ARTHUR 
Phillips, Mining Engineer, in one large voL, royal 8vo, cloth, 
illustrated with 84 wood engravings and Z folding plates of work- 
ing drawings^ 31J. 6d* 

Gunner's Pocket-book. 

Bridges' Gunner's Pocket-book, compiled by Captain T. W. 
Bridges, H.P. Royal Artillery, crown 32mo, roan, is, ; or morocco, 
i^. 6d. 

Heat. 

A Practical Treatise on Heat, giving Data, Rules, and Tables to 
facilitate the practical application of the Laws of Heat to the Useful 
Arts ; illustrated by examples worked out in detail, for the use of 
Engineers, Architects, &c., by Thomas Box, author of * Practical 
Hydraulics,' numerotis plates^ post 8vo, cloth, Zs, 6d. 

Hydraulics. 

Practical Hydraulics : a Series of Rules and Tables for the use of 
Engineers, &c., &c., by Thomas Box, second edition, numerous 
piateSj post 8vo, cloth, 5^. 

Indian Engineering. 

India and Indian Engineering, three Lectures delivered at the Royal 
Engineer Institute, Chatham, in July, 1872, by Julius George 
Medley, Lieut.-Col. R.E., Assoc. Inst. C.E., Fellow of the Calcutta 
University, Principal Thomason, Civil Engineering College, 
Roorkee, crown 8vo, cloth, y. 

Iron. 

Iron as a material of Construction, by William Pole, C.E., 
F.R.S., illustrated by wood engravings^ crown 8vo, cloth, 6s, 
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Iron and Steel. 

The Journal of the Iron and Steel Institute, edited by JNO. JONES, 
F.G.S., and David Forbes, F.R.S., published quarterly in 8vo, at 
5^. each Part. 

Iron Construction. 

Works in Iron, Bridge and Roof structures, by EwiNG Matheson, 
nutnerous engravings^ royal 8vo, cloth^ 15^. 

liink-Motion. 

Link-Motion and Expansion- Gear practically considered, by N. P. 
Burgh, Engineer, illustrated with 90 plates and 229 wood 
engravings^ small 4to, handsomely half-bound in morocco, 2/. zs. 

Mechanical Engineering. 

The Mechanician and Constructor for Engineers, comprising 
Forging, Planing, Lining, Slotting, Shaping, Turning, Screw 
Cutting, &c., by Cameron Knight, illustrated by 96 4to plates^ 
containing 1147 illustrations ^ and 397 pages of letterpress ^ 4to, 
half-morocco, 2/. I2J. 6d, 

Mechanics. 

The Essential Elements of Practical Mechanics, based on the prin- 
ciple of work, designed for Engineering Students, by Oliver 
Byrne, formerly Professor of Mathematics, College for Civil 
Engineers, second edition, illustrated by numerous wood engrav- 
ingSy post 8vo, cloth, 7^. (id. 

Metric Weights and Measures. 

Scales for the Ready Comparison of British and Metric Weights 
and Measures, by A. L. Newdigate, M.A., in neat cloth case, 5^. 

Military Terms. 

A Handy Dictionary of Military Terms, by Major W. W. Knollts, 
F.R.G.S., 93rd Sutherland Highlanders, Garrison Instructor, Home 
District, &c., i8mo, cloth, 2J. 

Mill Gearing. 

A Practical Treatise on Mill Gearing, Wheels, Shafts, Riggers, &c., 
for the use of Engineers, by Thomas Box, post 8vo, cloth, with 
eight platesy 5J. 

MiU Work. 

Buchanan's (R.) Practical Essays on MiU Work and other 
Machinery, with examples of tools of modem invention, and Supple- 
ment, edited by T. Tredgold and G. Rennie, ZZ plates^ 3 vols., 
royal 8vo, cloth, 2\s, 
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MiUwrigrht's Ghiide. 

The Practical Millwright's and Engineer's Ready Reckoner, or 
Tables for finding the diameter and power of cog-wheels, diameter, 
weight, and power of shafts, diameter and strengQi of bolts, &c., by 
Thomas Dixon, third edition, i2mo, cloth, ys. 

Mine Engrineering. 

A New Edition of a Practical Treatise on Mine Engineering, by 
G. C. Greenwell, F.G.S., Colliery Viewer, Member of the North 
of England Institute of Mining Engineers, &c., &c., &c., containing^ 
6^ coloured plates drawn to a large scale, and 255 pp, of letterpress, 
imp. 4to, handsomely half-bound in morocco^ 2/. 15^. 

Mining. 

Records of Mining and Metallurgy ; or, Facts and Memoranda for 
the Use of the Mine Agent and Smelter, by J. Arthur Phillips 
and John Darlington, in crown 8vo, cloth, illustrated with 
wood engravings^ 4J. 

Narrow Gauge Bailways. 

Narrow Gauge Railways, by C. E. Spooner, C.E., F.G.S., illus- 
trated with 2^ folding plates, 8vo, cloth, 12s. 6d, 

contents : 
Copy of Paper read at the "Inventors* Institute" on Narrow Gauge 
Railways — The Festiniog Railway — Experiment on the Festiniog Railway 
— Captain Tyler's Report — The Railways of the Future — Advantages 
gain^ by Narrow Gauge Railways — Railway Gauges — Narrow Gauge 
Rolling Stock — Battle of the Gauges — Indian ^ulway Gauges and 
Rolling Stock, &c 

Outpost Duty. 

Practical Lessons in Reconnoitring, Outpost Duty, &c., suggested 
by the late Autumn Manoeuvres, Nos. i and 2, each i^. 6d, 

Perpetual Motion. 

Perpetuum Mobile ; or. Search for Self-Motive Power during the 
i/tn, 1 8th, and 19th centuries, illustrated from various authentic 
sources in papers, essays, letters, paragraphs, and numerous patent 
specifications, with an Introductory Essay by Henry Dircks, C.E., 
witk numerous engravings of machines, crown 8vo, cloth, icxr. (id. 

Ditto, Ditto, Second Series, with numerous engravings and 
portraits, crown 8vo, cloth, loy. dd, 

Bailway Crossings. 

Switches and Crossings ; Formulae for ascertaining the Angles of 
Crossings, the Lengths of Switches, and the Distances of the Points 
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of the Crossings and the Heels of the Switches from the Springing 
of the Curve, by W. Donaldson, M.A., A.I.C.E., author of *A 
Treatise on Obhque Arches,' plates^ 8vo, cloth, lor. 6^. 

Seservoirs. 

On the Construction of Catch-water Reservoirs in Mountain Districts 
for the Supply of Towns or for other purposes, by C. H. Beloe, 
author of the Handbook of the Liverpool Waterworks, plates y 8vo, 
cloth, 5J. 

Beservoirs. 

On the Designing and Constructing of Storage Reservoirs, by 
Arthur Jacob, B.A., folding plates ^ 8vo, stiff wrapper, is, 

Betaining Walls. 

A Treatise on Retaining Walls, by J. S. Tate, C.E., 8vo, sewed, zs, 

Bopemaking. 

A Treatise on Ropemaking as practised in public and private Rope- 
yards, with a Description of the Manufacture, Rules, Table of 
Weights, &c., adapted to the Trade, Shipping, Mining, Railways, 
Builders, &c., by R. Chapman, formerly foreman to Messrs. 
Huddart & Co., Limehouse, and late Master Ropemaker to H.M. 
Dockyard, Deptford, second edition, i2mo, cloth, 3^. 



Sanitary 

Sanitary Engineering, a Guide to the Construction of Works of 
Sewerage and House Drainage, with Tables for facilitating the 
Calculations of the Engineer, by Baldwin Latham, C.E., Mem. 
Inst. C.E., Past President of the Society of Engineers, numerous 
engravings^ 8vo, cloth, i/. lor. 

Sewage. 

A Handbook of Sewage Utilization, by Ulick Ralph Burke, M.A., 
Barrister-at-Law, crown 8vo, cloth, 3^. 6^. 

This work treats I. : Of the evils of the present system of Sewage Treat- 
ment, the Pollution of Water, and the Waste of Manure. II. Remedies, 
Privy, and Ash-pit ; Eureka System ; Milan, Goul, and Moule's Systems. 
III. Treatment of Sewage by Chemical means. Experiments with Lime ; 
Lime and Chloride of Iron ; Sulphate of Ammonia ; Holden's Process ; 
Sulphate of Alumina ; Persalts of Iron ; BIyth, Lenk, Phosphate, ABC, 
Scott, and Hille Processes ; Filtration. IV. Irrigation. With an Appendix, 
including the Law relating to Sewage Utilization. 
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Sewage. 

The Sewage Question ; on the Treatment and Utilization of 
Sewage, the Preparation of Land for Irrigation, and for Intermittent 
Downward Fihration, by J. Bailey Denton, M. Inst C.E., F.G.S., 
8vo, sewed, is. 

Silver Mines. 

Vazeeri Rupi, the Silver Country of the Vazeers, in Kulu ; its 
Beauties, Antiquities, and Silver Mines, including a trip over the 
lower Himalayah range and Glaciers, by J. Calvert, F.G.S., Mem. 
Inst. C.E., illustrated with a map and coloured plates ^ 8vo, cloth, 

Slide-Valve. 

The Slide-Valve, practically considered by N. P. BURGH, Engineer, 
third edition, containing 88 illustrations ^ and 121 pages of letter^ 
pressy crown 8vo, cloth, $s. 

Specifications. 

Practical Specifications of Works executed in Architecture, Civil 
and Mechanical Engineering, and in Road Making and Sewering ; 
to which are added a series of practically useful Agreements and 
Reports, by JOHN Blenkarn, with i ^folding plates, 8vo, cloth, iZs. 

List of Plates. 



9 Details of Ironwork. 

10 Details of Ironwork, Piling, &c. 

1 1 Section of Artesian Well. 

1 2 Elevation and Section of Wrought- 

Iron Bridge. 

13 Plan, Elevation, and Section of 

Wrought-Iron and Brick Bridge. 

14 Section and Plan of Engine and 

Engine House. 

15 Elevation of Timber Bridge. 



1 Elevations and Plans of Cottages 

at Bamet 

2 Elevations and Plans of Houses at 

Maidstone. 

3 Elevation and Section of Villa at 

East Cowes. 

4 Ground and First Floor of Ditto. 

5 Elevation of Villa at East Cowes. 

6 Ground and First Plan of Ditto. 

7 Details of Sewer Work. 

8 Details of Ironwork, Piling. 

Steam Boilers. 

New Work on Boiler Engineering, complete in 20 parts, 19 at 31., 
and I at 6^*., or handsomely half-bound morocco, cloth sides, 
3/. 13J'. 6^., a Practical Treatise on Boilers and Boiler Making, by 
N. P. Burgh, Mem. Inst. Mech. Eng., illustrated with numerous 
wood engravings and plates of working drawings y 3/. 13J. 6^. 

Steam Engine. 

Modem Mzirine Engineering applied to Paddle and Screw Propul- 
sion ; consisting of ^l^ plates y 259 wood engravings, and 403 pages 
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of descriptive matter, the whole being an exposition of the present 
practice of the following firms : — Messrs. J. Penn and Sons ; 
Maudslay, Sons, and Field ; James Watt and Co. ; J. and G. 
Rennie ; R. Napier and Sons j J. and W. Dudgeon ; RavenhiU and 
Hodgson ; Humphreys and Tennant ; Mr. J. F. Spencer ; and 
Messrs. Forester and Co., by N. P. BuRGH, Engineer, 4to, cloth, 
2/. SJ". 

Steam Engine. 

Modem Compound Engines, being a Supplement to Modem 
Marine Engineering, by N. P. BURGH, Mem. Inst Mech. Eng., 
demy 4to, cloth, \%s. 

The following firms have contributed Working Drawings of their best 
and most modem examples of Engines fitted in the Royal and Mercantile 
Navies : — Messrs. Maudslay, Rennie, Watt, Dudgeon, Humphreys, 
Ravoihill, Jackson, Perkins, Napier, Elder, Laird, Day, AUibon, and 
Burgh. 



Steam 

Practical Treatise on the Condensation of Steam ; contained in 
262 pages of letterpress, and illustrated with 212 engravings^ by 
N. P. Burgh, Engineer, super-royal 8vo, cloth, 25J. 

Steam Engine. 

A Pocket-book of Practical Rules for the proportions of Modem 
Engines and Boilers for Land and Marine purposes, by N. P. 
Burgh, 4th edition, \vith Appendix, royal 32mo, roan, \s, 6d. 

Details of High-pressiure Engine, Beam Engine, Condensing, Marine 
Screw Engines, Oscillating Engines, Valves, &c, Land and Marine Boiler^, 
Proportions of Engines produced by the rules. Proportions of Boilers, &c 

Steam Engine. 

Practical Illustrations of Land and Marine Engines,, showing in 
detail the modern improvements of High and Low Pressure, Surface 
Condensation and Superheating, together with Land and Marine 
Boilers, by N. P. BURGH, Engineer, 20 plates in double eUphant^ 
folio, cloth, 2/. 2s, 

Steam Engine. 

Notes on the Theory of the Steam Engine, being part of a course 
of instruction in the subject, given in the Royal School of Naval 
Architecture and Marine Engineering, by James H. Cotterill, 
M.A., Vice* Principal of the Royal School of Naval Architecture 
and Marine Engineering, 8vo, sewed, 3J. 
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Strengrth of Beams. 

On the Strength of Beams, Columns, and Arches, considered with 
a view to deriving methods of ascertaining the practical strength of 
any given section of Beam, Column, or Arch, in Cast Iron, Wrought 
Iron, or Steel, by B. Baker, numerous cuts, crown 8vo, cloth, 9^. 

Strengrth of Beams. 

New Formulas for the Loads and Deflections of Solid Beams and 
Girders, by William Donaldson, M.A., Assoc. Inst C.E., 8vo, 
cloth, 4r. 6d, 

Sugar. 

The Practical Sugar-Planter ; a Complete Account of the Ctddvation 
and Manufacture of the Sugar-cane, according to the latest and 
most improved processes, describing and comparing the different 
systems pursued in the East and West Indies, and the Straits of 
Malacca, and the relative expenses and advantages attendant upon 
each, being the result of sixteen years* experience of a sugar-planter 
in those countries, by Leonard Wray, Esq., with numerous 
illustrations, 8vo, cloth, los, 6d, 

Sugar Machinery. 

A Treatise on Sugar Machinery, by N. P. BURGH, Engineer, with 
16 plates, drawn to a large scale, royal 4to, cloth, 30^. 

Sulphuric Acid. 

The Chemistry of Sulphuric Acid Manufacture, by Henry ARTHUR 
Smith, cuts, crown 8vo, cloth, 4J. 6d, 

Surveying. 

The Principles and Practice of Engineering, Trigonometrical, 
Subterraneous, and Marine Surveying, by Charles Bourne, C.E., 
third edition, numerous plates and woodcuts, 8vo, cloth, 5^. 

Surveying. 

A Practical Treatise on the Science of Land and Engineering 
Surveying, Levelling, Estimating Quantities, &c., with a general 
description of the several Instruments required for Surveying, 
Levelling, Plotting, &c., by H. S. Merrett, 41 fine plates, with 
illustrations and tables, royal 8vo, cloth, 12s, 6d, 

Table of Logarithms. 

Table of Logarithms of the Natural Numbers, from i to 108,000, 
by Charles Babbage, Esq., M.A., stereotyped edition, royal 8vo, 
cloth, 7s, dd. 
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Tables of Squares and Cubes. 

Barlow's Tables of Squares, Cubes, Square Roots, Cube Roots, 
Reciprocals of all Integer Numbers up to 10,000, post 8vo, dr. 

Teeth of Wheels. 

Camus (M.) Treatise on the Teeth of Wheels, demonstrating the 
best forms which can be given to them for the purpose of Ma- 
chinery, such as MiUwork and Clockwork, and the art of finding 
their numbers, translated from the French, third edition, carefully 
revised and enlarged, with details of the present practice of Mill- 
wrights, Engine Makers, and other Machinists, by Isaac Hawkins, 
illustrated by 1% plates, 8vo, cloth, 5^. 

Telegraphy. 

Journal of the Society of Telegraph Engineers, including original 
Conmiunications on Telegraphy and Electrical Science, edit^ by 
Major Frank Bolton and G. E. Prbece. Parts I., II., 
and III., demy 8vo, sewed, with wood engravings^ ^s, each. To be 
continued quarterly. 

Torpedo Warfare. 

A Treatise on Coast Defence ; based on the experience gained by 
Officers of the Corps of Engineers of the Army of the Confederate 
States, and compiled from Official Reports of Officers of the Navy 
of the United States, made during the North American War from 
1861 to 1865, by Von Scheliha, Lieutenant-Colonel and Chief 
Engineer of the Department of the Gulf of Mexico, of the Army of 
the late Confederate States of America ; with numerous fine plates^ 
imperial 8vo, elegantly bound in cloth, top edge gilt, 15 J., or with 
the plates coloured, 3ar. 

Trevithick. 

The Life of Richard Trevithick (Inventor of the High-pressure 
Steam Engine), with an Account of his Inventions, by Francis 
Trevithick, C.E., 2 vols., medium 8vo, cloth, illustrated by a steel 
portrait^ lithographs^ and numerous beautiful wood engravings^ 
including many accurate illustrations of Cornwall, its Mines, and 
Mining Machinery, iL i6s. 

Turbine. 

A Practical Treatise on the Construction of Horizontal and Ver- 
tical Water- Wheels, with eleven plates, specially designed for the 
use of operative mechanics, by William Cullen, MiUwright and 
Engineer, second edition, revised and enlarged, small 4to, cloth, 
I2s, 6d, 
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Taming. 

The Practice of Hand-turning in Wood, Ivory, Shell, &c., with 
Instructions for turning such work in Metal as may be required in 
the Practice of Turning in^Wood, Ivory, &c. ; also an Appendix on 
Ornamental Turning, by Francis Campin, second edition, with 
wood engravings^ crown Svo, cloth (a bode for beginners), 6j. 

Valve Gears. 

Treatise on Valve Gears, with special consideration to the Link- 
Motions of Locomotive Engines, by Dr. Gustav Zeuner, third 
edition, revised and enlarged, translated from the German, with 
the special permission of die author, by MORITZ Muller, plates, 
8vo, cloth, i2s,6{L 

Ventilation. 

Health and Comfort in House Building, or Ventilation with Warm 
Air by Self-acting Suction Power, wiUi Review of the mode of 
calculating the Draught in Hot-Air Flues, and wiUi some actual 
Experiments, by J. Drysdale, M.D., and J. W. Hayward, M.D., 
demy 8vo, with plates^ cloth, 7^. (id. 

Weight of Iron. 

Tabulated Weights of Angl^ T, Bulb, and Flat Iron, for the use 
of Naval Architects and Shipbuilders, by Charles H. Jordan, 
M.LN.A., i8mo, sewed, \s, 6d, 

Wood-workingr Factories. 

On the Arrangement, Care, and Operation of Wood-working Fac- 
tories and Machinery, forming a complete Operator's Handbook, 
by J. Richards, Mechanical Engineer, woodcuts, crown 8vo, cloth, 
Ss, 

Wood-working ISIachines. 

A Treatise on the Construction and Operation of Wood-working 
Machines, including a History of the Origin and Progress and 
Manufacture of Wood-working Machinery, by J. Richards, M.E., 
crown 4to, cloth, wifA numerous wood engravings, i/. 5^. 

Workshop Receipts. 

Workshop Receipts for the use of Manufacturers, Mechanics, and 
Scientific Amateurs, by Ernest Spon, crown 8vo, clodi, 5^. 

Yachts. 

Yachts and Yacht Building, being a Treatise on the Construction 
of Yachts and other matters relating to Yachting, by P. R. M arett, 
second edition, enlarged, illustrated with 12 folding plates^ demy 
8vo, cloth, I2J. 6d, 
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